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Fun with Filters 10 
Different design compromises must be 
made according to the intended function 
of a filter, and different configurations of a 
given filter design are required. Douglas 
Clarkeson explains how filters design can 
be aided using standard chips such as 
switched capacitor filters, for which 
design software is often available. 


s or j® - two aspects of 
the same problem 21 


Martin Smith goes into some of the basic 
mathematics underlying filter design. 


Beerstat 24 


The use of semiconductor temperature 
measurement to control the temperature 
of a thermoelectric coldbox is a practical 
application of a technical tip from Issue 
9. Keep your beer at the correct 
temperature for optimal enjoyment. 


Circuits for Music Lovers 
(Part 2) 29 
Some more music control circuit ideas 
including a combined Bass and Treble 
Boost, a Soft Limiter and a Smooth 
Fuzz. 


Review: Easy-PC for 


Windows 34 
Andrew Armstrong tests the Easy-PC 


CAD package and the autorouter 
designed to work with it. 


Vulkan Gas Powered 


Soldering fron 38 


Portable soldering irons can be battery 
powered or gas powered. This gas 
powered iron proved to be reliable and 
versatile in use. 


Professional PC- 
Controllable 4-Line 
Dot Matrix Display 
(Part 3) 

The third and last part of Robert 
Coward's modular display system 
describes how to make up the casework 
and also gives advice on the in-circuit 
PIC programming facility, and interfacing 
external equipment. 


40 


Timing in Electronics 
(Part 6): counting the 


seconds 50 
This month Owen Bishop describes the 
best way of timing periods of minutes 


and seconds, and adds a decoder circuit 


and an alarm circuit. 


Temperature and 
Humidity Logger 

Pei An describes a temperature and 
humidity measuring device using 
standalone modules and a choice of 
Turbo Pascal and VisualBasic drivers. 


54 


A Fishbite Alarm With 


a Difference 64 
What is really going on under the water 
on a windy day? Bob Noyes uses tiny 
vibration in a fishing line under tension to 
detect if a fish is “trying it out” and trigger 
a discreet audible or visual alarm. For salt 
or freshwater fishing. 
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Terry Balbirnie describes the uses of the 
magnetic reed switch. 
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Teach-Yourself C Package with 
Experimental Circuits 


Brunning Software of Clacton-on-Sea have released a practical 
step-by-step C & C++.learning package by experienced 
programmer and author Peter Brunning. Brunning’s software 
learning packages include experimental electronic circuits 
designed to be bullt up.on a special soldering-free plugboard. The 
book teaches the user to program’ by using C to drive the simple 
hardware circuits built with materials supplied in the kit of parts. 
The circuits plug.into a PG printer lead. The programming 
techniques for the experiments are kept simple enough for a 
complete beginner to 
follow. The 
experimental circuits 
build up to the 
construction of a 
storage oscilloscope 
circuit, which combines 
the relatively simple C 


| 


_ Experimenting 
with C & C++ 
Programmes 


forgotten how complicated the subject can be to a complete 
beginner. No doubt some will remember this situation from the 
last teaching course undertaken. Peter Brunning instead brought 
his 20 years of programming experience to learning C and C++ 
from scratch at the’outset of the project, and the first part of 
Experimenting with'C & C++ Programmes as he went. A second 
section was then written, reviewing the early chapters with the 
benefit of the accumulated C programming experience. His 
experience has showed that typical C programs use complex 
procedures very difficult to follow by anyone other than an expert 
programmer, while Basic appears much easier to understand. In 
reality, at equivalent levels of complexity C is only marginally more 
difficult than-Basic, and it is infinitely more powerful. There is aiso 
a ready demand for C programmers in industry, which is no 
longer the case with Basic. 

The book of Experimenting with C & C++ Programmes costs 
£24,99, and the hardware kits are available pre-assembled and 
ready to use for £46 from Brunning Software (Tel. 01255 
862308), or requiring some assembly and soldering for £39.99. 
For owners of Brunning Software's earlier package Experimenting 
with PC Computers there is a “top-up” kit for £22.99, (Hardware 
kits do not include the books.) 

The kits include two C compilers, One will run on any IBM- 
compatible PC with a 3.5-in disc drive. Ideally, to work right 
through the book, you will need a minimum 386 PC with 14MB of 
free hard disk space. The programming learned will be in C, but 
the methods are selected to prepare the learner to program in 
CH, 

For more information, see the latest Maplin catalogue 
on pages 760 and 764, 


Universal Serial Bus digital-to-analogue 
audio chip 


A new audio DAC from ET Electronics is designed to 
provide complete USB (Universal Serial Bus) Version 1.0 
compliant digital audio playback for new multimedia 
systems. The USA standard will make it faster and easier to 
interface PCs to peripherals with an expected massive 
reduction in configuration conflicts and system resource 
limitations. 

The Dallas Semiconductor DS4201 is a monolithic digital 
audio ic that integrates a full USB transceiver, stereo 16-bit 
sigma/delta D-to-A converter and digital signal processing. 
It also includes an on-chip analogue mixer to support 
existing analogue audio technology and hybrid speaker 
designs. This ensures that the user can connect a CD 
player, FM receiver or TV audio with analogue outputs and 
still use the USB digital technology. The converter ensures 
that the PC receives a digital signal to work with, reducing 
electric noise, and the analogue signal is directed to the 
speakers and multimedia monitors, giving a better sound 
quality. 


Power management on the chip allows the chip, as well 
as the external audio circuits such as amplifiers and power 
supplies, to be set on standby when not in use. 

For more information contact DT Electronics, 11-12 
Mercia Business Village, Westwood Business Park, 
Coventry, CV4 8HX UK. Tel 01203 466500 fax 01203 466501. 
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“Here’s Looking At You, Kid” 
Now Fully Verifiable 


Vision Control Systems’ VSC technology is a further move 
towards replacing the computer mouse with “look and click” 
control. The headset-mounted control system will be likely to 
appeal to games players as well as disabled people and robot 
engineers. VCS was developed through a research programme 
to control computers and other machinery by monitoring the 
user’s eye movements, originally for use by fighter pilots. 
Integrating a miniature camera with holographic optics 
operating in the infra-red part of the spectrum, VCS uses retinal 
reflection to track the eye's position. Linked to a computer, VCS 
moves the cursor to the user’s exact point of observation. 

An add-on the VCS is TestimonyTM, designed to follow 
the user’s visual movements and record and analyse them to 


Winter Maplin Catalogue Now Has 
17,000 Semiconductors 


The new Maplin Catalogue, on the shelves from September, 
has a number of new. features to help users: The print 
version (order. code CA18) features a new semiconductor 
guide with an extra 17,000 items, making it the largest 
source of semiconductors from a single catalogue in the UK. 
There are ‘price-reduction.on more than:2,000 products, and 
extended ranges of 1000 new. items across:the 42 product 
categories. 

Also available is the:double Cdrom catalogue (CQ02C) 
with everything described able plus a number of other 
features. The. companion. CD:inciude.a-free copy of the 


provide information to enable the users “visual behaviour” to 
be analysed. The lightweight system is expected to be useful 
in applications ranging from market research to pilot/driver 
training, surgery and surveillance. The associated miniature 
field-of-view camera provides a conventional video image of 
the wearer’s general visual field, which can be synchronised 
with cursor output from VCS to give an accurate indication of 
what the wearer is looking at within the field of view. Vision 
Control Systems (part of Ferranti) believe this is the first 
system of its kind. 

The VCS eye tracker has been selected as a Millenium 
Product by the Design Council and will be displayed at 
Millenium exhibitions in Britain and abroad, including the 
Millenium Dome. 

VCS systems currentlyoperate through PC serial ports, but 
expect to be abie to transmit data and video output via radio 
link in the future. 

For more information contact Vision Control 
Systems, Oldham, OL4 3JA, UK. Tel 0161 624 0281 Fax 
0161 652 0972 Email sdobinson@visioncs.com Web 
www.visioncs.com 


MacAfee. anti-virus software,’ a free.3Q-day Internet trial with 
Demon including software, and-over 1000 datasheets. 

Component information can be searched either. by Maplin 
order codes; by the product index-or through a keyword 
search. Once located, the product is.given’as a picture, 
technicalssepcification and pricing details. To order, you 
pressvan Order button to add:the‘item to your’shopping 
basket. When: the ordering is complete, the prices are 
totalled and the information can be printed as:afinished 
order form including personal-details. 

The CDs come in both:PC and.Mae formats. You'can 
obtain the catalogues via mail order, or fromany Maplin 
store, For information, store locations, etc. call 01702 
554 000 Web www.maplin.co.uk . 
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_ Technology Innovation Foundation 
Offers Development Cash and 
Sponsorship Prizes 


‘Altran Technologies, the France-based technology consulting 
group, Js currently iaunching its 1999 Foundation for innovation 
awards in the: UK, 

The international Award offers £11,000: in.cash to the global 
winner, plus One year's’ expert: developrnent support. from 
Altran’s 5,500 technology corisultants and managers to:develop 
the:winning project into a commercially viable. proposition: 

The 1999:campetition theme is “the access to and quality of 
water”, @ worldwide issue covering a host of problems 
affecting the developed: world as well as the under-developed 
regions, fromm drinking water to irrigation, 

The Altran Folndation-was set up in 1996 by.one of the 
European leaders in technological consulting, and-aims to 
discover innovative technologiés:that willbe of general 
benefit. The prize’is awarded in a different category. each year 
to company research ahd development reams, schools and 
universities, public or private research: organisations and 
associations, A maximurn number of three winners are 
chosen each year. 

The judges of the 1999 theme of water willbe locking for 
technology which will apply not only:to Western countries but 


Free Power Op Amp Software from 
Ashwell 


Ashwell Electronics are offering free copies of a power op- 
amp design spreadsheet that automates the long calculations 
associated with stability analysis, internal power dissipation, 
PWM filter design and current limit control. Designed and 
developed by Apex Microtechnology, it is described as 
thoroughly documented and includes many dynamic 
examples to be used as practical tutorials on power op amp 
design. 

Although power op amps follow the general rules 
for small signal op amps, the higher voltage and 
current values encountered demand extra attention. 
The program is intended to enable designers to 
enter their own application data and confirm the 
results of changing components without the need to 
do repetitive manual calculations. 

The key considerations such as capacitive load, 
Howland charge pump, current limit, inductive loads 
and power designs are all considered individually in 
detail, supported with guiding notes and practical 
advice. 

Based on Excel (suitable for Excel 5 to Excel ‘97) 
it provides a structure with which to analyse and 
design a complete power op amp application where 


also to the East and third world, where the key necessities 
are-low.cost and ease of use. The judges wilt:be an 
international selection of leading academics and industry 
specialists. 

For the: 1998 award, entrants were asked to focus on 
innoyation devoted to detecting, preventing, relieving and 
compensating for physical impairment, pain’and handicap. 
The judging panel awarded two prizes and one special 
award, Of the 96entrants who actlally applied formally to last 
year's Foundation, 33percent came fromm Comipanies:(mainly 
SMEs), 25 percent from schools’ and-universities, 14 percent 
from hospitals, 10 percent from private research Jaboratories, 
10°percent from associations and.8 percent from private 
initiatives, 

Altran is also hoping ‘to create 200 new jobs in the UK in the 
next.12 months through. its group companies Altran 
Technolgoies UK, Praxis*GCritical Systems, High integrity 
Systems (HIS) and DEC consultants. 

Applications must be:sent in before the end of February 
1999.:Final judging will’take place In.April 1999; Aitran would 
like entries to be*submitted through their website at 
wwwialtran fr./indexé. htm.:Further.information can be 
obtained through the head office at-Altran, 251 Boulevard 
Pereire, 75017 Paris, France. Tel +33 1 44.09.64 00 Fax 
+33 1 4409.54 10, 


all the static and dynamic parameters are addressed. 

Free copies of the program are available to all qualifying 
engineers on request to Apex agents Ashwell Electronics, 
Carlton House, Boulton Road, Stevenage, Herts SG1 
4QY. Tel. 01438 364194. Fax 01438 313461 Email 
sales@ashwell-hq.com 

On a different but related subject, see our article by John 
Howden, Computer Aided Design on a Shoestring, in last 
month’s ETI issue 11/1998, on how do basic circuit 
simulation on Excel and other spreadsheet programs. 
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THE ORIGINAL SURPLUS WONDERLAND! 


Surplus always urplus always 
wanted forcash! § = +H/S MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS _ |Wanted for cash! 


THE AMAZING TELEBOX IC's -TRANSISTORS - DIODES 19" RACK CABINETS 
Converts your colour monitor Into a QUALITY COLOUR TVII OBSOLETE - SHORT SUPPLY - BULK : Superb quality 6 foot 40U 
TV SOUND & 6,000,000 items EX STOCK Virtually New, Ultra Smart 
VIDEO TUNER For MAJOR SAVINGS - CALL OR SEE OUR WEBSITE Less than Half Price! 


CABLE COUPATIBLE VIDEO MONITOR SPECIALS Zeer 1s ack mts ede ty 


pict hand le satlpriowe A Ltd. Pg Hey 
S| a door 
The TELEBOX is an attractive fully arn mains powered unit, con- One a a nt a full eight lockable half louvered back door 
Detloremene anh ae ¢ ATARI, SANYO, SONY, ¢ monitors you will ever see - 

ade by makers such VITEG, ATARI, SANYO, SONY, 

COMMODORE, PHILIPS. a At this price - Don’t miss it! 


and louvered removable side panels. ra 
adjustable internal fixing struts, ready punched 
for any configuration of equipment mounting 


ee output will directly into most video recorders, all a plus ready mounted integral 12 way 13 amp 

Secke h receivable on most Mitsubishi FAS415ETKL 14” SVGA Muttisyne colour monitor with fine socket ghed mains dbsibulion trie make 

sion recelvers* (TELEBOX MB). Push button controls on the front sossseye O28 Cot tube and resolution of 1024 x 768. A these racks some of the most versatile we 

panel alow fully tuneable ‘off air UHF colour television f, Variety allows connection to a host of have ever sold. Racks may be stacked side by side and therefore 
OX mo covers virtually ail television frequencies 5 ers pte EGA, VGA & require only two side nenete to stand singly or in yinulipia tiple baye. 


(including Amiga 1200), Overall dimensions are: 77%" H x 32%" Se" W. Order as: 
features: OPT Rack 1 Compiste with removable side panels. xaee 09 tl) 
OPT Rack 2 Rack, Less side panels £245.00 (G 


Over 1000 racks, shelves, accessories 


operat f ARCHIMEDES and APPLE 
T occamenionte mon eke monitor or desktop computer si cual text_switching and LOW 
video systems. For complete compatibility - even for monitors with: |) ' . Fully guaranteed, aap cng 


low level HI Fi ssa used 
oul sound - tee eases 4 watt — amplifier and low leve The 475 Only £1 1 9 © oe 


TELEBOX ST for composite video inj ote aces £36.95 VGA cable for IBM PC 19" 22" & 24" wide 3 to 46 U high. 
TELEBOX STL as ST but fitted with £39.50 External cables for other types of computers CALL Available from stock !!. 


TELEBOX MB Multiband VHP/UHECa wenend tuner raged As New -Ex Demo 


For overseas PAL versions state 5.5 or 6 mHz sound 
"For cable / hyperband signal reception Telebox MB should be con- 17* 0.28 SVGA Mitsubishi Diamond Pro monitors 
nected to a cable type service. Shipping on all Teleboxe's, code (8) 


Full multisyne etc. Full 90 day guarantee. £325.00 (E) 
Se cnnoaite 1V wo chien & NIGAM Ni fi'steres sound Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors. 


32U - High Quality - All steel RakCab 


Made by Eurocraft Enclosures Ltd to the highest possible spec, 
rack featiires all steel construction with removable 
side, front and back doors, Front and back doors are : 


s, Micro eed 38 all on one small PCB only 73 x Good SH condition - from £299 - CALL for Info hinged for easy access and all are lockable with 
60 x 52 mm enable full software ali! ae om sl 2 ac nk PHILIPS HCS35 C835 (same style as as pesado attractively styled 14” five secure 5 lever barrel locks. The front door 
to any IBM computer. begs eer hay colour monito dard composite 15.625 is constructed of double walled stee! with a 
an ou Lee ires Bau hae +5V reopens. Khz video inpute via ers and separate phono jacks, ‘designer style’ smoked acrylic front panel to 
NEW - Order as MY00. £49.95 (8) tetera) audio power amp and speaker for all audio visual uses. onable status indicators to be seen through the 
iA" mg Will connect direct to and Atari BBC computers. Ideal for all el, yet remain unobtrusive. Internally the rack 

FL OPPY DISK DRI vee 22" - 14 video monitoring / security applications with — connection oncom ah ae elanrene Necie! fixin 

* . to most colour cameras. H ality with many features such as members to take the heaviest o rac 

Massive purchases of standard 514" and 3%" drives enables us to 

ihe uct at industry beating low prices! All units (unless front concealed flap controls, VCR correction button etc. Good equipment. The two movable vertical fixing struts 


present pi 

Hale) tre BRAND NEW or removed fom often brand new equip. Gimensons Wik wilizeexioH'O — OMLY £99 cago nuts. A maine dletribution panel interna 
ment and are fully tested, all and shipped to you with a fu E ly mounted to the bottom rear, provides 8 x IEC 3 
day guarantee. Cail for over unlisted drives for spares or repair. PHILIPS HCS31 Ultra compact 9" colour video monitor with stan pin Euro sockets and 1 x 13 amp 3 pin switched 
dard composite 15.625 Khz video input via SCART socket. Ideal utility socket, Overall ventilation is provided by 
for all monitoring / security applications. High quality, ex-equipment fully louvered back door and double skinned top section 
fully tested & guaranteed (possible minor screen bums). In attrac- top and side louvres. The top panel may be removed for eed 
tive square black paaie s case measuring W10" x H10° x 13%" D. of integral fans to the sub plate etc. Other features include: fi 

240 V AC mains powered. Only £79.00 (0) castors and floor levelers, eepeta a uty or kelp yrtoed 
£22 “ . connector access etc. Sui excel s used 
Tabletop case wit integral PSU for HH 54" Flopp or HO, £28. KME 10" 1510008 high deftin colour mono with 0.28" det condition with keys. Colour Royal blu. Extemal dimensions 
8" Shugart 800/801 8° SS refurbished & tested £210, p n ene mm=1625H x 635D x 603 W. ( 64” H x 25" D x 23%" W 

F Shor 08 Ht Ba Ro Eransole| rare fay ny ists in sy Ge vi SUIS ar CESS ha ea tare i 

8" Shugart 851 8" double sided refurbished & tested . ul og yng 3 

8 Mitsubishi M2894-63 double sided NEW Archunation & DAC. shooaurne ewiyy tise? ee" A superb buy at only ‘ () 
8° Mitsubishi M2896-63-02U DS slimline NEW idesdwelcomisn tment ae 42U version of the above only £345 - CALL 
Dual 8° cased drives with integral power supply 2 Mb Only £125 (€) 


HARD DISK DRI VES made UK caviar PIL all solid state colour monitors BA Mk Y SCOOP 50° off !! 


3%" Mitsubishi 

5%" Teac FD-S5SGFR 1,2 } (for | M pc's) F 

5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE 
5%" BRAND NEW Mitsubishi MF501B 360K 


Superbly 5 ; 
2%* TOSHIBA.(19 mm H ) MK2101MAN 2.16 Gb, New . Shapes pio ee from a cancelled e order brings you 
2%" TOSH.(12.5 mm H) MK1002MAV 1.1 Gb laptop. New £1 Serie cine Paice ty timc: anne Dave Che an the most amazing savings.on these ultra high spec 12v DO-14 An 


echargeable batteries. lade by rane i.e Ltd, SBS15 
fealuiitg pure lead plates which offer a far FE geld gy 
teed 15 year service life. Fully BT & Sue eee oe lied 
BRAND NEW and boxed. Dimensions 200 wide, 137 hi 


2%" lo 3%" conversion kit for P's, complete with connectors £12.85 EXCELLENT little used condition with full 90 day guarantee. 
3%" FUJI FK-309-26 20mb MFM i/F Ri £59.95 
3%" CONNER CP3024 20 mb IDE W/F (or equiv.) RFE i 20"....£135 22"....£155 26”....£185 (F 


pi Ba declare al : DC POWER SUPPLIES Mé bol erminals. Fully guaranteed. Current makers price over £70 
. ¥ ea 
Se CRO TERnL COGrTEL Gen EE: WE anes FY: every type of power Our Price £35 each «) or 4 for £99 0 


SM SEAGATE ST.2368 30 MDALL UF sure Bee. etree eyrae RELAYS - 200,000 FROM STOCK 
95 


5%" SEAGATE ST-238R 30 mb RLL UF Refurb 


5\4* CDC 94205-51 40mb HH MFM I/F RFE tested A Cait or see our web site. Save ££££'s by choosing your next relay from our Massive 


stocks covering types such as - Military, Octal, Cradie, 
LOW COST PC's Hermeticall Sealed, Contactors, Time Delay, Reed, Me 
over 1000 PC's from stock. Youn NEEDS. Many obsolete types from stock. Save ELfE's 


LOW COST RAM & CPU'S 


5 HP 97548 850 Mb SCSI AFE tested 
54" HP C3010 2 Gbyte SCSI olfferential RFE tested 
NEC D2246 85 Mb SMD interface. New 


7 lways 
8" FUJITSU M2392K 2 Gb SMD I/F AFE tested £345. Aooots of spares and accessories. 
Many other drives in stock - Shilpping on ali drives is code (D) Call or see our web site for info. 


ST EQUIPMENT & SPECIAL INTEREST Ms INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT 
and PC-AT compatible card with 2 Mbytes of memory on board. 
MITS. #aF; ETKL 14” Industrial spec SVGA monitors ion Intel SBC 486/125C08 Enhanced Multibus (MSA) NEW #50 Card is fully selectable for Expanded or Extended (2! 


KW to 400 Hz 3 phase power sources - ax stock Zeta 3220-05 AO 4 pen HPGL fast drum lal tat 50 and above) memory. Full data and driver disks suppl FFE. 
18M 1, Token ptlegt Leake base unit driver £760 Nikon HFX-11 Ephiph 


SrA has ts Wahine SAEED GA VNR ee oconerme ek GAG TELL EPGn, jdm Earaamend. Pings compa. Ene 

se mem u ca ®) is 

Ion earseo! Taxa Ring ce 20 po be ne £750 Trio 0-18 vde Inear, metered 30 amp bench PSU. New £580 memo foe 26h 01 812k n Sak slop slaps, May also be used tf 
ve DOS limit. Cor 


23-5050N £95 Fulteu Mabe M3041R 600 LPM band printer £1950 
Oscillator re to 330Khz, IEEE teu M3041D 600 LPM printer with network interface gla ping as: XT RAM UG. 256k. £3 oe, or wih oie £39.95 
8360.1 1805-1880 MHz hybrid =r combiners Etmer 299B Infrared spectrophotometer A 
Trend DSA if Data Ana Pract meres Pertan Elmer 597 retreat heat 


SIMM 
rot ees00 var ap fli 1MB x9 SIMM 9 chip 120ns 


£5500 Only 
ing Margin Meter £3750 4MBx9 SIMM3chip80ns £10.50 or 70ns 


Marconi 2022C 1 po LightBand 60 output high spec 2u rack mount VDA's £495 : 
Marcon! 2030 opt 09 TOKHz-1 5 GItr signal yenerator New £5150 SeXionie SD 1S0H 18 channel Gigtal Hybrid chart recorder e198 {MB Fone 72 on oe th party. die £3500 
HP1650B Logic ee £3750 Taylor Hobeon Tallysurl amplifier / recorder £750 WTEL 486-DX33 CPU £19.95 INTEL x66 CPU £59. 
ast ane generator Pleat A Comes sac gic im Udo 188 PAL wa gas detector / monitor £1450 FULL RANGE OF ct COPROCESSUR'S XS EX STOCK. CALL FOR gee 
HP662 iT rammabie 1 S$ am epee monitor ocaae 
HP6264 Rack mount variable 0-20V © 20A metered PSU. £678 ANRITSU 2.5G/b wavelorm monitor MOTOROLA 25 Mhz 68040 (XC68040RC25M) CPU'S £59.00 
test £POA — MSB001 1 en? 7 uM optical spectrum analyser "EPOA shipping charges for RAM / CPU upgrades is code B 
£8500 ANRIT: power mi 
£960 ANRITSU Fibre mearates test sot POA SOFTWARE SPECIALS 
£650 ISION ENGI jascopic m 
computerised ini £POA R&S FTDZ Dual sound unit eee 2650 NT4 WorkStation, commxess with service pack 3 
hs Sea Erk Mirna sso 7S0 oven pnaae tgp SEO PSO. ¥ eo0.00 
ior anal iz Sweep generator 
Racal dual 40 channel voice recorder system £3750 TEK 2445 150 MHz 4 trace oscilloscope ” £1250 withos py ie ups 3.11 & DOS 6.22. Si 
Fiskers 45KVA 3 ph On Line UPS - New batteries £9500  TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 on 3" pt dion with licence ree concise documentation. 95 
IC} R5030UV34 Cleanline ultrasonic cleaning system £POA TEK 1502 Portable TOR (time domain reflectometer) £600 DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.95 
foro phy Lb. speed line printer yin PHILIPS PW1730/10 XRAY generator & accessories yo Wordpertect 6 for DOS supplied on 3%" disks with manual £24.95 
intel SBC 68613355 ultibus 486 system. 8Mb Ram CLAUDE LYONS 12A 240V single phase auto. volt. regs oh harges for sofiwara ig coda’ B 
Siemans K4400 64Kb to 140Mb demux analyser CLAUDE LYONS 100A 240/415V 3 phase auto. voit. regs e900 ipping charges for software is c 


ALL ENQUIRIES 
“Gop 32 Baan i vet gu woe ote 110181 679 4414 
LONDON SE18 axF dmin@ distel.co FAX 0181 679 1927 


gn pet ip to aye orteegal nin fharely A Ng et capi taint £10. Bona Fide account orders 


Siewnee ants kikche. minimum account order £50. over £100 are subject to 10 days clearance, oe (Aee.O0 1}=£4.00, 
(jt, (nea, (OMETE 0, Erete00, fre Bon, ORCA, tow spams cus kr seco fasta faster CALL Al goods sucpliod to our ditions of Sale 
25 and unless stated guaranteed for 90 days. All guarantees on a retum to base to change beck igen 

Soke Discus ks aiinre. Tip CHEN eka oe oreeehe ponds: Aa vecomatin vertonaen eo acknowledged. © Display Electronics 1998. E & O E. 06/98 
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Data-gathering pen 
handheld PC now has 
radio link 


Fujitsu's Point 510 RF handheld pen PC 
now has radio communications 
capability built in. The Windows 95 
computer was designed in consultation 
with users in health care, retail and 
transport to provide real-time computing 
with integrated radio comms for workers 
in the field. 

The Point 510 AF, with a 10.4-in 
SVGA colour screen, is designed to 
handle record gathering inaide and 
outside hospitals, product control, retail 
store management and air transport 
checkin. The integrated radio links the 
remote handheld PC to the network 
server to give real-time computing on the 
move. 

Fujitsu's Radio Ready system reduces interference between the radio and the computer, extending the mobile's range. 
Windows 95 compatibility allows mobile users to run the same applications used on desktops and laptops. 

Industrial-standard docks can be located in the workplace to provide battery charging and keyboard or mouse facilities for 
the portables at various points. 

The Point 510 RF has a 100-MHz 5 x 86 processor, shock-mounted 2.1GB hard drive, many ports including IrDA, RS- 
232serial, Tx/Rx second serial, keyboard, mouse, monitor, parallel, floppuy, audio in/out and port replicator, one Type Ill PC 
card clot, a longlife lithium-ion battery and 8MB EDO ram expandable to 64MB. It weighs 1.8kilos (3.9 !b) with battery pack, 
radio and antenna, and 1.7k (3.74 !b) without the radio, 

For more information, contact Nigel Owens, Fujitsu Personal Systems (UK) Ltd., 2 Longwalk Road, Stockley 
Park, Uxbridge, Middx UB11 1AB. Tel 0181 573 444 Fax 0181 561 3775. 


Secure on-chip eeprom on AVR 8-pin Both chips.operate: from 2.7 to 6V-and have law power 
microcontrollers modes that bring the power consumption to.below. one 
microamp. Both come in-8-pin PDIP and SOIC packages. 
Atmel’s AT90S2323 and Atmel's powerful 10-MIPS AVR core can be. used for the 
AT90$2343 8-pin AVR rapid encryption and.decryption of data stored in the 


microcontrollers are the world’s eeprom, giving’data Security In circuits 


_first 8-pin, 8-bit microcontrollers. needing non-volatile storage. of secure 
with-secure on-chip eeprom. data, such as cellular phones and 
The AT90S2323 also has an on- security systems. 
chip crystal osellator, making it Atmel has a comprehensive set of 
useful for small remote control development tools for code developrnent 
applications needing minimal /O, and debugging for the two: chips; ie 
suchas remote Keyless entry — including the ICEPRO in-circuit emulator” 
. (RAKE) systems. It amounts to.an for all AT90S series ireeapgontioles. 


in-system programmable; single- © 

= For 1 more information contact Bob _ 
Henderson, Atmel (UK) Ltd., The - 
Coliseum Business Centre; Riverside — 
Way, Camberley, Surrey GU15 3YL.-Tel 
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Fun with 


Electronic filters are not necessarily formidible. For many purposes, filters can be | 
designed using standard chips such as switched capacitor filters, for which design 
software is normally available. 


Douglas Clarkeson 


lectronic filters always assume an aura of 
difficulty. My earliest introduction to electronic 
filters was with passive filters utilising LCR 
components. Even then, they were introduced 
as an abstract entity - something perhaps to 
encounter in an examination question. Before PCs were 
widely used, for practical purposes filters could be 
designed by using books of standard, normalised filter 
tables, These are still used, and can still be useful. They 
consist of standard filter configurations, usually normalised 
for input and output impedances of 1 ohm, and for a 
frequency of 1 radian per second. The component values 
for different types of filter are chosen from the table for 
these conditions, then scaled for the actual frequency and 
impedance used. 
The books of filter tables are generated either by doing the 
mathematics by hand, or by using a computer to speed 
the process. Without the aid of a computer the process is 
extremely laborious, but not impossible. 

You may wonder why different configurations of, for 
example, a second order lowpass filter are required. The 
reason is that different design compromises must be made 
according to the intended function of the filter, A 
Chebyshev filter is designed to give the best attenuation in 
the stopband close to the passband - the fastest rolloff. 
The compromises here are ripple in the passband 
response, and a lack of phase linearity. This sort of filter 
may be very useful to control the audio passband of, for 
example, a direct conversion receiver. 

It would not, however, be useful to limit the bandwidth 
of a series of pulses. A Chebyshev filter is not phase linear. 
What this means is that different frequencies are subjected 
to a different time delay. Remembering that a square wave 
contains an infinite series of frequencies, the problem 
becomes apparent. If the higher frequencies in the wave 
are simply attenuated, then the edges are no longer 


IMAGINARY 
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Figure 2: simple LCR bandpass 


passive filter (real,imaginary) coordinate plane 


Figure 3: representation of filter using 


PHASE 
LINEAR 
FILTER 
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NON-PHASE 
LINEAR 
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Figure 1: the effects of phase linear and non phase linear filters 
on a squarewave 


vertical, and the corners are rounded. Slight ripple may be 
introduced, depending on the shape of the filter rolloff. 

However, if different frequencies are delayed by a 
different time, then the shape of the waveform can change 
out of all recognition. This is illustrated in figure 1. If a 
non-phase-linear filter were used in the intermediate 
frequency stages of a radar system, then the resulting 
screen display would be misleading. For a radar system, 
the phase response of the intermediate frequency filter is 
more important than its exact frequency response. 

In the early days relatively few organisations that had 
access to computer facilities able to design filters from 
scratch in a reasonable period of time. During the 1970s 
when operational amplifiers become more widely available, 
active filters became practical and widely used. In the 
1980s, switched capacitance filters came into prominence 
and tended to replace active filters in many applications. 

Today, with second- and third-generation of families of 
active and switched capacitance filters available in a 
competitive marketplace, designers can choose very 
powerful filter designs for demanding circuit 
performance. Moreover, devices are usually supplied 
with extensive data and software to allow solutions 
to be readily identified. 

Just as it is still necessary to know something 
about maritime navigation while using GPS navigation 
systems, so in electronic filter design, an appreciation 
of the fundamentals is still helpful, even when using 
state of the art filter design packages. To get the best 
out of complex devices, however, software packages 
are the best course. With the drive towards 
miniaturisation, surface mount technology and lower 
component count, switched capacitance filters 
dominate the market in many applications. 
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In is always practical to relate filter functions to specific 
widely used filter devices. | will look at the LMF100 
switched capacitance filter in some detail, and also the 
Burr-Brown UAF42 active filter - the latter more as a kind 
of marker of active filter design. | will refer to Maxim 
options for active filter design. 


Some Elements of Theory 

The transfer or network function of the filter designates the 
ratio of the voltage output to voltage input, and is 
expressed as a function of jw where: 


and @ is the radial frequency 2(f where f is the frequency 
of the signal in Hz. In the very simple example of a passive 
filter in figure 2, the transfer function can be described as: 


H(s) = s/(1 +s +s°) 


Where s = a + j@, but for filter design purposes a = 0. The 
transfer characteristic of this passive filter, of very simple 
design, can be expressed as a polynomial of order 2 - 
the highest power of variable s in the expression. For a 
passive filter, involving LCR components, the order of the 
filter is equivalent to the sum of contributing L and C 
components. 

In this sort of design, parallel combinations of 
capacitors are sometimes used to produce the required 
total capacitance value. 

Key parameters derived for the transfer function are the 
magnitude of the gain and phase values. This involves 
expressing the transfer function as the sum of a real 
component and an imaginary component (x + j y) and with 
the magnitude given by: 


(x?+y") 


as indicated in figure 3, and the angle of phase given 
by arctan(y/x). This diagram shows the output amplitude 
and phase of the filter, given a unity real input, at a 
specific frequency. To show the performance over a range 
of frequencies, a plot would be made of point (x,y) against 
frequency. This sort of graph could be generated, for 
example, by a network analyser. 

When the transfer function of the simple LCR circuit of 
figure 1 is solved in this way, the gain is given by: 


gain = @// (@* + (1-0) 


The particular 
response of this filter is in 
fact a band pass filter as 
indicated in figure 4 and 
with the phase of the signal changing linearly with frequency. 

Normally in this band pass filter, the passband limits are 
taken where the gain has dropped by 3dB relative to the 
maximum gain, a factor of 0.707 times the voltage. 

The centre frequency of the filter is defined as the 
square root of the product of the product of the two cutoff 
frequencies: 


Figure 6: specific filter solution with 
different values of Q 


Bo X Doo = Dmax” 


that is, the geometric mean of the upper and lower 3dB 
points. 

If the filter consists of a 
single LC tuned circuit, 
there is a quality or Q factor 
defined for it. The basic 
definition of the Q factor is 
1/(2 * percentage loss per 
radian). If very little energy is 
lost from the tuned circuit 
per radian, the Q is very 
high, and the bandwidth is 
small. 

The Q can also be 
determined from other 
measures, all of which result 
from the basic definition 
related to the loss of the 
circuit, In the response 
curve shown in figure 5, 
the 3dB points and the 
centre frequency are shown. 
The Q iS Ona, (O.2-De4). 

In other words, the Q is 
defined as a quality for 
relating to the percentage 
bandwidth of a filter. A filter 
with a 1Hz bandwicth at 
10Hz has a Q of 10, as 
does a filter of 5kHz 
bandwidth at a centre 
frequency of 50 kHz. 

Another calculation 
commonly used is related 
directly to the loss in the 
circuit. Assuming that the 
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Figure 7: general types of filter: 
a) lowpass; b) bandpass; c) 
highpass; d} notch 
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Figure 8: representation of solution which provides a pair of poles 
8 = -0.5 -0.866 j and s = -0.5 + 0.866 j 


loss is due to the series resistance of the circuit, the Q is 
® x L/R,, where (is the resonant frequency of the circuit. 

Figure 6 shows a specific filter solution with different 
values of Q. 


Basic filter types 

Moving into generalities of types of filter, however, figure 7 
illustrates the typical lowpass, bandpass, highpass and 
notch characteristics. 

For the bandpass, the best response would be that of a 
‘top hat' with a step response of gain in the passband. 
While this is the goal to be realised, actual performance 
will always fail to meet this characteristic. The typical roll 
off response will be 40dB per decade per second order. 

Usually sharper roll off in a filter design is associated 
with ripple in the pass band and stop bands. The notch 
filter can be thought of as some kind of inverse to the 
bandpass filter. Again the idealisation of the ‘inverted top 
hat’ can never be realised in analogue circuit designs. A 
common application for a notch filter is for rejection of 
50Hz mains noise in audio and transducer signal 
processing. 

Low pass filters, indicated in figure 7, are utilised for 
the suppression /rejection of high frequency signals. 
Where for example, transducer systems are detecting 
essentially low frequency ranges say less than 100Hz, then 
a low pass filter can be useful to suppress high frequency 
noise components which may be significant at small signal 
values. 

The high pass filter, indicated in figure 7 allows higher 
frequency signals to be selected. 

Such a facility, for example, can be useful for 
selectively driving higher frequency tweeter systems, 
which may be damaged by signals in the range 100Hz to 
2kHz. Such a filter unit can be incorporated into a so 
called ‘cross over network’ to drive a unit of loudspeaker 
components. 

The so called ‘all pass’ or phase shift filter will seek to 
produce a response where a flat gain response is 
produced but with a variation of output phase relative to 
input phase for a given frequency. Such a filter is typically 
used to restore phase shifts introduced by previous circuit 
elements. 


100mHz 
FREQUENCY 


Figure 9-was-7 Amplitude and phase response for a 3dB 
Chebyshew filter of order 3. Higher order filters have more ripples 
in the passband 


Generalised Filter Response 
Characteristics 

The transfer function of a filter can be described as a ratio 
of polynomials. A fourth order filter can, for example, be 
described as: 


s*+b3 S'+b3 s*+b, $+bp 


S*+@q S"+a S’+a, $+a) 


where s = j® 

In theory, therefore, any complex filter function can be 
described in this format. The various formats of filter that 
have been defined represent mathematical functions that 
map well into a specific filter design characteristic, such as 
flat passband, steep rolloff, and so on. There can be 
tradeoffs of one factor against another. Most of the 
commercially available filters, however, cater for the 
broadly based needs of filter technology. The real 
differences between the functions are best modelled using 
computer software. The Maxim package which | will 
describe later provides an excellent way of calculating and 
displaying a wide range of filter responses. 

The filter response can also be written as: 


(S-Zq) (S-Z,) (S-Zp)...(S-Z,) 


(S-Po) (S-P1) (S-Pz)..-(S-Pp) 


H(S) = Ho 


where the roots of the bottom line are termed poles and 
the roots of the top line zeroes. These elements are in 
general complex numbers of the format R + j | where R is 
the real component, | is the square root of -1 and | is the 
imaginary part. 

The zeroes or poles are either real roots with no 
imaginary parts or complex conjugate pairs as in the 
expression below: 


H(s) = s/(s + 0.5 + 0,866) s + 0.5 - 0.866 j) 
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Figure 10: Amplitude and phase response of a Bessel filter 


which gives a pair of poles, s=0.5 -j0.866 and s = - 
0.5+0.866 j. Such a solution can be represented in figure 8. 

Poles in the right hand plane should be avoided, with 
stable solutions on or to the left of the imaginary axis. This 
method of mapping the poles on the (x,y} co-ordinate 
system provides a basis for discrimination of stable or 
unstable designs. 

Design of three and four order filters and higher orders 
can be simplified by expressing them as products of first 
and second order filters. This is in fact a common strategy 
for implementation of filter function with devices perhaps 
able to implement two order elements or a pair of such 
elements which can be cascaded. 

It is common also, for either active or switched 
capacitance filters to be configured as general purpose 
devices of at least units of second order. Some devices 
will provide two independent second order devices or even 
four independent second order devices, giving functionality 
at fourth and eighth order respectively. 

While filters are normally considered in 
relation to response at a specific 
frequency, the transient element of 
performance can be an important 
determination of suitability of 
performance. In general, circuits of higher 
Q will tend to demonstrate more ringing. 

A filter can be described as monotonic 
when its gain slope never changes sign - 
a characteristic possible with low pass or 
high pass type filters. Often designs will 
demonstrate so called passband ripple. 
Usually specific filter characteristics will 
indicate limits {usually less than 1 dB in 
the passband } though the relevance of 
performance factor will depend on the 
application. 

Stop band ripple may appear in filter 
responses but this is often of less 
importance since the key factor is the 
overall relative level of attenuation outside 
the passband. 
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Figure 11: amplitude and phase response of a Butterworth filter 


Specific filters 


The transfer function of the Butterworth filter is given by: 
H(®) = 1/1 + (@/@o)*" 


where n is the order of the filter and (o is the - 3 dB 
frequency of the filter. This design gives approximately -20 
dB reduction per decade per order. Thus a 5th order filter 
will have a -100 dB decade roll off function. 

Table 1 outlines the quadratic factors of the first four 
Butterworth filters. 


Table 1: Description of the first four Butterworth orders 


Order n Function (denominator) 


1 (s + 1) 

2 (s° + 1.1412 5 + 1) 

3 (s + 1) (s*? + 0.765 s + 1) 

4 (s°*+0.7654 s + 1) (8s? + 1.8478 5 +1) 
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Figure 12: lowpass solution using 4th order Butterworth design parameters (Burr- 
Brown model software) 
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Figure 13; bandpass solution using Chebyshev design parameters 
- 4th order and 2 dB passband ripple (Burr-Brown model software) 


The Chebyshev filter can demonstrate a sharper roll off 
function than the Butterworth, but will usually introduce a 
certain ripple in the passband. Figure 9 indicates in an 
expanded scale, the ripple in the passband associated for 
a range of orders, 

For a Chebyshev of order n, there will be n-1 peaks or 
dips in the passband response. Where it is desired to 
operate an even order Chebyshev at DC frequencies, it is 
necessary to include a nominal gain equivalent to the 
ripple amplitude. 


In 1952 W E Thompson described a filter specially 
linear phase response, using Bessel polynomials. 
Consequently, this type of filter is known as the Thompson 
filter or the Bessel filter. It is optimised for linear phase 
response, but has a much slower rolloff, as well as starting 
to roll off earlier, when compared with the widely used 
Butterworth (or maximally flat) filter. Figures 10 and 11 
illustrate this comparison, 

Successively higher order Bessel filters achieve 
improved linear phase function. Thus a fourth order 
Butterworth filters will produce more alteration if the shape 
of a square wave input than would a Bessel filter of the 
same order. 

The elliptic filter can produce a shaper cut off than 
Butterworth, Chebyshev or Bessel but with the 
complication of introducing ripple in both the passband 


and the stopband and with introduction of a highly non 
linear phase response. The filter is utilised where the prime 
requirement is a sharp cut off function. This could be 
appropriate, for example, if it is necessary to allow UHF 
television signals through, while sharply attenuating 
amateur radio signals in the 430 to 440 MHz band. 


The UAF 42 

One useful active filter to design around is the Burr-Brown 
UAF42 device. The value perhaps of looking closely at this 
device is that software is readily available (free of charge) 
to display the various types of filter responses that can be 
implemented by the active filter device. This gives an 
general appreciation of the relative differences of the 
various filter types and 

functions. By having tight control on internal component 
values {laser trimmed R and C), only a few external 
components are required to implement a wide range of 
filter options. 

The set of software (DOS) obtained from Abacus Polar, 
‘FilterPro’, is primarily configured for the Burr-Brown 
UAF42 device. It is also claimed possible to load the 
software from BurrBrown’s Web page. In addition, the 
program can give the fo and Q values corresponding to 
universal filter implementations, such as the pair of f and Q 
values corresponding to a 4th order Butterworth low pass 
response. This information can also be applied to other 
filter solutions such as the LMF100 switched capacitance 
filter to implement solutions, 

The program provides for a combination of filters as 
defined in table 2. 


Table 2: Configuration of filter designs able to be modelled 
for the Burr-Brown UAF42. 


Lowpass Bandpass Highpass Notch 


Butterworth yes yes yes yes 
Bessel yes yes yes yes 
Chebychev yes yes. yes yes 
Inv Chebyshev yes no yes no 


For the Chebyshev, the ripple amplitude in the passband 
can be specified. For the inverse Chebyshev the frequency 
at the first notch of maximum 
attenuation can be separately 
specified. The frequency specification 
of this filter is essentially different from 
the other types listed. The -3 dB 
response frequency is reported by the 
program, allowing the frequency 
response to be adjusted as required, 
For each solution, the values of 
resistors corresponding to each 


device are specified. Order 4 and 
order 6 filters would be implemented 
by using two and three UAF42 
devices respectively. The UAF42, 
however, remains a relatively 
expensive device but no doubt with 
good performance characteristics. 
Figure 12 indicates a bandpass 
solution using Butterworth design 


Figure 14: non inverting pole solution for the UAF 42 (Courtesy Burr-Brown) 


parameters. To experiment with such 
a package, therefore, provides an 
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valuable insight into selection and where appropriate 
optimisation of filters in general. Figure 13 indicates a 
lowpass solution using Chebyshev design parameters. 
Figure 14 indicates a typical non inverting pole solution 
for the UAF 42. 


The MAX274 and MAX275 

Maxim produce 4th and 8th order continuous time active 
filters as devices MAX275 and MAX274 and are primarily 
intended for lowpass and bandpass options. Highpass and 
notch options are not supported. The software available 
with these devices, however, does provide a useful design 
tool where the output parameters of the circuit fall within 
the design requirements. As a useful component of filter 
design, the package provides a useful and flexible general 
filter facility, which also includes highpass and notch which 
the Maxim devices MAX274 and MAX275 cannot 
implement. 

The software | obtained from MAXIM came essentially 
as a large bundled file MAXIM-7 and with an unzip utility. 
The file required is that of FILTER.EXE and also with 
associated help file FILTER.HLP. The disk actually supplies 
two versions of the EXE file: one dating from 1988 and 
one more recent which is the one to be used. The 
software can also be provided as part of an evaluation kit 
with the MAX274 device. 

The use of the filter design package is relatively 
straightforward once a few quirks of the DOS package are 
identified. A filter design screen allows selection of various 
parameters relating to standard filter characteristics. 
Standard functions implemented include Butterworth, 
Chebyshev and Bessel. This option is usefully interactive - 
with options to alter Amax, Amin, fs, fe, and order of 
specific functions etc. Gain, phase and delay of each 
function can be identified separately as a function of 


Figure 15b: equivalent implementation of switched capacitance filter (Courtesy National 
Semiconductor) 


frequency in an excellent colour graphical display mode. 
The software is good fun to drive. 

The key parameters obtained from this stage are the 
values of poles f and Q for each second order section of 
the filter sojution, Design options with the MAX274 and 
MAX275 are really limited to working with even orders. In 
the chip implementation phase, the values of f and Q and 
input as stages of the relevant design with either 
bandpass or lowpass outputs selected in order to produce 
the staged filter response. The response of each filter 
stage can be inspected independently and the values of 
the resistors of each stage are separately described. In 
building the filter by inserting stages, the order is to start 
with the highest Q first so that sequentially the filter is 
created with lowest Q sections. 

The flexibility of plotting responses of various functions 
is excellent and the package provides a good foundation 
in active filter design for wide ranges of filter devices. The 
MAXIM devices are relatively good value for money, with 
the MAX274 8th order device typically available for under 
£10.00. 


Reviewing the Options 
Many applications utilise passive filters which use discrete 
resistors, Capacitors and inductors. One of the advantages 
of such an approach is the fact that they require no power 
supplies and are not restricted to the bandwidth limitation 
of operational amplifiers and can be used in situations 
involving large currents and high voltages. Also 
components of noise introduced by use of such 
components is generally negligible. Passive filters, 
however, provide no inherent gain and the use of inductors 
of high accuracy can prove expensive. 

Active filters have been developed to provide for 
devices with excellent characteristics including principally 


Top view 


Figure 16a: the 8-pin DIP package pin 
out of LTC 1063 (Courtesy Linear 
Technology} 


Figure 16b: typical 2.5-kHz 
configuration with the LTC 1063 device 
self clocking using the 19.1k resistor 
and a 200pF capacitor (Courtesy Linear 
Technology) 
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Figure 17: associated frequency response of circuit of figure 12b 
{Courtesy Linear Technology} 


low noise. More recently, however, the switched 
capacitance filter has gained widespread acceptance in a 
broad range of applications, particularly in 
telecommunications. The essential feature of this device is 
that the frequency of operation of such devices is 
determined by an independent clock signal whose 
accuracy can be tightly controlled. Thus the frequency 
response is more easily controlled than establishing and 
maintaining correct circuit values within an active filter 
design. 


How the switched capacitance filter 
works 

Due to the increasing uptake of switched capacitance 
filters, it is appropriate to look at the function of these 
devices, A standard implementation of an integrating input 
is indicated in figure 15 where the current in the circuit is 
given by: 


| = Vin/R 


If the circuit is replaced by that of figure 15 where 
alternately SW1 and SW2 are closed/opened under the 
action of an external clock of frequency fclk, the same 
ramp effect of output voltage is achieved. 


The current is given by: 
DQ/dt = Vin x C1/dT 

= Vin x C1/(4/fon) 

= Vin/(1/C1 x fon) 


This implies that the effective resistance of the switch 
network is (1/C1 f,.). This implies that the time constant of 
the equivalent RC input is given by: 


t = C2/01 x ty, 


which implies that the value is dependent on the ratio of 
two capacitance values. In terms of chip 
design/fabrication, this is inherently simpler to achieve 
then for a specific independent capacitor. Some designs 
also use non-inverting integration design in which double 
pole switching is utilised to ramp outputs in a positive 
sense with function. 


Practical circuits: 

switched capacitance 

The Linear Technology LTC 1063 is described as a 
fifth order Butterworth low pass switched 
capacitance filter with key parameters, indicated in 
table 3. 


Table 3: key parameters of the LTC 1063 


Parameter Value 

Clock to cut off frequency ratio 100:4 

Maximum cut off frequency 50 kHz 

Minimum clock frequency 30 Hz 

DC Offset 1 mV 
CMRR 80 dB 


Figure 16 shows the 8-pin DIP package pin out and 
figure 16 a typical 2.5-kHz configuration with the device 
self clocking using the 19.1k resistor and a 200pF 
capacitor, The associated frequency response is indicated 
in figure 17. Such self clocking is advisable only below 
500 kHz. The self clocking option is also subject to 
variability of internal component values. Exact frequencies 
would require to be set by using variable resistor 
components. 

An input resistor Rin should be connected at Vin as 
indicated in table 4 for Supply = + 7.5V. 


Table 4: Input values of R in as a function of clock frequency. 


Rin (kilohms) fCLK 
2.2k 4MHz 
3.4k 3MHz 
5.5k 2MHz 
11k 1MHz 
24k 500kHz 
120k 100kHz 


By increasing Rin by a factor of 6, the variation of phase 
with frequency is made nearly constant with frequency. 
This wiil improve transient response characteristics. The 
LTG 1063 (Linear Technology) is really a plug in and go 
device where the only main variable of the characteristics 
of the response is the clock frequency itself. Linear 
Technology would appear to manufacture a relatively wide 
range of switched capacitance devices of high 
specification, 

A comparable device, a fourth order switch capacitor 
Butterworth low pass device, the MF4CN-100 (National 
Semiconductor) provides a similar characteristic function 
as indicated in table 5. 


Table 5: Key parameters of the MF4CN100. (National 
Semiconductor) 


Parameter Value 
Clock to cut off frequency ratio 100:4 
Maximum cut off frequency 20kKHz 
Minimum clock frequency 10Hz 
DC Offset 400mV 
CMRR 78dB 


The MF4CN-100 has a much larger DC offset voltage. The 
roll off of the device is approximately 80 dB per octave. 
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Figure 18: Fourth order Chebychev iow pass fitter based on the 
mode 3 usage of the LMF100 - the general purpose mode. The 
basic requirements for the example were stipulated as 1dB ripple 
in the passband, unity gain at DC and with 1000Hz cut off 
(Courtesy National Semiconductor). 


The National Semiconductor LMF100 
Switched Capacitor 

The LMF100 device produced by National Semiconductor 
provides a replacement for the industry standard MF10 
device in terms of increase in maximum frequency of 
operation from 30kKHz to 100kHz and with improvement in 
offset voltage and a tighter clock to frequency ratio error 
of typically only 0.2 percent. 

The LMF100 is a general purpose dual second order 
state variable filter with a total of 12 modes of 
operation/connection which allows options/combinations 
which allow options/combinations of a basic types of filter, 
bandpass, low pass, high pass, notch and all pass. The 
device also allows all classical filters to be realised - 
Butterworth, Bessel, Elliptic and Chebychev and so on. 

The clock to centre frequency ratio for each filter can 
be programmed to either 100:1 or 50:1. In some modes, 
also, the centre frequency for a given section can be 
altered by inclusion of additional resistors. This is often 
necessary where a specific roll off function will require the 
selection of clock rates different from a single available 
input clock value. 

The typical roll off slope for each mode of operation is 
approximately -40 dB per decade. The essential transfer 
function is provided with each response. 

Figure 18 indicates a fourth order Chebychev low pass 
filter based on the mode 3 use of the device, the general 
purpose mode. The basic requirements for the example 
were stipulated as 1- dB ripple in the passband, unity gain 
at DC and with 1000-Hz cutoff frequency using fourth 
order function (two sections cascaded together). Standard 


filter design text such as National Switched Capacitor 
Filter Handbook, incorporates tables which list the 
characteristics of fo and Q for this combination. This data 
can also be extracted from the Burr-Brown FilterPro filter 
package and the Maxim package. The data sheet then 
describes how to work from fo and Q values to the desired 
circuit configuration. The two stages are described as 
stages ‘a' and stage ‘b'. 

The first section value of Foa and Qa are identified from 
this look up process as 529 Hz and 0.785 and fob and Qb 
as 993 Hz and 3.559. With unity gain at DC, Hoa = 1 and 
Hob = 1. While the cut off frequency of the combined filter 
is 1000 Hz, the component cut off frequency of the 
separate second order sections are different - 529 Hz and 
993 Hz. Normally the section with lower Q is implemente 
first. 

Starting at Rla = 20k, since we know that low pass 
gain (Holp) tends to -(R4a/R1a) and which is a value of -1, 
the R4a is also 20k. With pin 12 connected to V- to give a 
100:1 clock ratio: 


foa = (fclk/10000) x (R2a/R4a)’ 


Solving for Ra2 gives a value of 5.6 kilohms. Also: 


R3a = Qa\/(R2a x R4a) 0.5 = 8.3 kilohms. 


A similar exercise for the higher Q order gives 

R1b = R4b = 20k and R2b = 19.7k and R3b = 70.6k. 

For this particular device, therefore, the LMF100, there are 
three critical elements of design. One is to identify the 
order of the filter required, the filter type, the filter 
parameters such as the cut off frequency and gain at DC 
in the low pass example and any possible ripple in the 
bandpass and stop bands. Then the values of f and Q for 
the various second order elements are determined which 
when combined will produce the desired effect. This data 
can be found in a range of sources but is not generally 
included in the general specification of a device data 
sheet. Having determined f and Q and the mode of the 
LMF100, the required values of resistors are calculated, 
based on the formula presented in the data sheet for each 
mode. Perhaps it is indeed easy to see why such a 
process of filter design does ruffle some electronic 
feathers. 


AMPLITUDE 


_ 
FREQUENCY 


Figure 19: parameters relating to functional specification of the 
LMF 90 notch filter (Courtesy National Semiconductor) 
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SEE TABLE 1 
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4TH ORDER 
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R = 33.3, 50, OR 100 


SEE TABLE 1 
To EXTERNAL 
V+, V-, OR GND CLOCK 4 
SEE TABLE 1 ain 
toe _ OV 
Figure 20: general implementation configuration of LMF90 (Courtesy National Semiconductor) 
There can be a distinct advantage, therefore, of usinga The LMF90O 

dedicated implementation of switched capacitance filter There are also available high order notch filters implemented using 
such as the low pass Butterworth described earlier which switched capacitance fitters. Where the specification of the devices 
involves very little in the way of design effort. is satisfactory for the task in hand, these units offer a much 


simplified design approach compared with basic active filter design. 
Where there is a specific request for a high specification elliptic 
notch filter, then there is probably an advantage in considering the 
LMFS0 device from National Semiconductor. The parameters 
defined for this type of notch filter are outlined in figure 19. 
ig eal The key function of the device is set by the clock frequency and 
Clock ratio factor (100:1; 50:1 or 33.3 : 1) and by logic levels 
connected to two additional lines. Table 6 summarises the options 
available by setting logic levels on lines D and W when fclk/fo value 
is set at 100. 


DIVIDER (+2 


Table 6: Notch filter characterisation for setting logic levels at pins D 


Sica te 1 and W for a fclk/fo setting of 100. 
D w Amin (dB) — BW/fo SBW/fo 
por ey . V- V- -30 0.12 0,019 
- V- GND -30 0.26 0.040 
V- V+ -30 0.55 0.082 
BANDPASS 3 GND V- -35 0.12 0.010 
GND GND -40 0.26 0.024 
GND V+ -40 0.55 0.050 


In this definition, stopband width (SBW) is the difference in 


Bs ——_ frequency between the two stopband edges fs2-fs1. These stop 
Figure 21: basic pinout of the LMF380 (Courtesy National band edges are defined at level Amin(dB) between the DC 
Semiconductor) response level. 
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The more general implementation of the device is shown in 
figure 20, where the external clock is input in pin 6. Also, an 
oscillator crystal can be connected across pins 4 and 5. The 
device also allows a wide range of options of clock division as 
specified in table 7. 


Table 7: Configuration of divide ratio (LD) and fcik/fo value as function 
of three level logic settings. 


V+ GND V- 
PIN LD 716 596 2 
PIN R (fclk/fo) 33.3 50 100 


Thus by setting LD at V+ and R at V-, an external clock frequency 
of 3,580,000 MHz will set a notch frequency of 50 Hz. 


The LMF380 

Almost as a finale, it is relevant to reference the LMF 380 - 
designed to make life ever so much easier for the acoustics 
instrument designer. The LMF380 contains three fourth order 
Chebyshev bandpass filters whose centre frequencies are spaced 
one third of an octave apart. 

The basic device is shown in figure 21, where three 
independent signals can be presented at IN1, IN2 and IN3 and 
output signals at OUT1, OUT2 and OUTS in response to a master 
clock signal driven via a crystal across pins 6 and 7. Figure 22 
indicates a standard response for the three filters clocked at 250 
kHz. A complete wide spectrum analyser can be constructed from 
20 kHz to 24.4 Hz (80 bands) using only 10 LMF380 devices and a 
minimum of other components (See data sheet). This provides the 
basis for a wide range of acoustic test/spectrum display 
instrumentation, 


Making Choices 

At one time, before switched capacitance filters, it was necessary 
to have a firm grip of filter design before venturing to design and 
build circuits. The advent of switched capacitance filters and in 
particular ‘self contained’ fourth order and higher types, has 
allowed more devices to be used without an in depth 
understanding of their function. There has been, as it were, the 
introduction of a ‘black box’ approach, which is fine for those who 
wish to implement a clearly defined requirement without being 
drawn too much into the detail of fitter design. 

When switched capacitance filter types are being cascaded, 
usually in steps of two order such as with the LMF100, this does 
require more in the way of understanding of filter theory, in 
particular for the derivation of the relevant f and Q of each section 
of the filter, At this level of design it is important to have access to 
tables/software that 
can provide such 
information. 

There is also, 
however, an 
understanding 
required relating to 
what is the best filter 
AY for a given application. 

4 Moreover, the basic 
4000 10000 starting point is to 


FREQUENCY (Hz) | define the essential 


- 


requirements of the 
Figure 22: standard response of LMF380 


filter circuit. Key 
elements of selection 
clocked at 250 kHz (Courtesy National 
Semiconductor} 


would include: 


a) Mode: Lowpass, bandpass, notch, highpass or allpass 

b) main function: Butterworth, Bessel, Chebyshev, Inverse 
Chebyshev 

c) order (dB rolloff required) 

d) frequency limit 

e) frequency accuracy and stability 

f) DC offset 

g) design complexity (number of components) 
cost 


i} power consumption (battery equipment) 
j)) aliasing problems (switched capacitance) 


The simplest options, where these are acceptable within the 
specifications, will be to implement using high order dedicated 
switched capacitance filters. There is the danger, however, that the 
advantages which still exist for good designs involving active fitters 
may be overlocked. 


Summary 

This article has touched briefly on filter theory, but has also 
provided details of a few readily available devices. This is to 
emphasise that although the theory may be complex, some basic 
knowledge can serve to select solutions that are straightforward to 
implement. A good way to grapple with the complexity is to access 
some good filter simulation software in order to let the computer do 
the number crunching and the observer sit back and assess the 
various options. 
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S or j@ - two aspects 
of the same problem 


This article covers some of the basic theory underlying filter design. 


Martin Smith 


hen dealing with the design of filters and control 
systems, the mathematics is usually expressed 
in terms of the function ‘s’. Somewhere towards 
the end of the calculations there will appear the 
equation: 


Let s = j@ 


and a solution drops out. What is this ‘s'’, why can it be made 
equal to j@ and why do we not use j@ throughout the 
calculations? 


Time and frequency 

When analysing a circuit most people think of the frequency 
response. This is not a bad way to understand the actions of a 
filter, which is simply a frequency selective device when all’s 
said and done. But what happens when a complicated 
waveform such as a square wave is fed into such a circuit and 
how do we calculate what happens at the output? The square 
wave is a commonly occurring, so-called time dependent, 
waveform that can be easily displayed on an oscilloscope. The 
waveform is normally described in terms of time. For example, 
the high period of the wave can be measured on the 
oscilloscope as some number of milliseconds or microseconds 
and the low portion is described in the same manner. A filter’s 
action on the waveform - its so-called transfer function - is a 
frequency plot and here lies the problem: the input waveform is 
measured in units of time and the filter is measured in terms of 
frequency. 

Obviously it is necessary to change (or more correctly, to 
transform) one of the parts of the problem into the units that 
the other one is measured in. This would give a simple solution 
to the problem. This is where the term ‘s’ comes in, as it 
allows us to transform a complex time waveform into an 
expression of frequency that can be easily matched to the 
filter's frequency response {also transformed) using normal 


algebraic operations. The output waveform is then turned back 
into the modified time dependent waveform. Figure 1 shows 
the root of the problem. 


Transforms 

There is a simple analogy that can be used to show how a 
transform works. Long before people used calculators or 
personal computers, complex multiplication and division was 
done using logarithms. The logarithm, which is a number 
expressed as a power of 10, is the transform stage in the 
whole operation. The sequence of events is as follows: 


¢ take two numbers for multiplication 

e take the logarithm of each number 

e add the logarithms together 

® take the antilogaritnm to get the answer 


Here’s a simple example: supposing we want to calculate 100 
multiplied by 1000 and have to use logarithms: 


e Stage one. The two numbers are defined as 100 and 1000. 

¢ Stage two. Find out what the two numbers are when 
expressed as logarithms. If a logarithm is a number 
expressed in terms of a power of 10 then we can write that 
100 = 10°™"""_ Let us define this as 100=10 x 10 or 10 
squared which we can write as 10’. Therefore the answer to 
what is the logarithm of 100 is 2. Therefore the equation 
becomes 100=10? and the logarithm of 100 is 2. A similar 
train of reasoning will give the logarithm of 1000 as 3. 

* Stage 3. Add the logarithms together. 2+3 = 5. 

e Stage 4. Take the antilogarithm. !f as shown above the 
logarithm of a number is its value when expressed as a 
power of 10, then the antilogarithm is the result of taking 10 
to the power of the logarithm. In this case we have 10°, or 
100,000 which is the result you should get when multiplying 
100 and 1000 together. 


— 


OSCILLOSCOPE 


GAIN 


FILTER 


FREQUENCY 


That was a very simple example, but it 
shows how a transform works: it takes 
the original problem, transform it to a 
point where it can be solved using 
simple mathematics, and then convert it 
back into the original units. If you don’t 
believe me, try working out what m x 6 
is when solved by long hand 
calculation, where x (pi) is 3.1415927 


OUTPUT 


Figure 1: a typical test setup showing a frequency stimulus to a circuit that is being investigated 


and e (the unit of natural logarithms} is 
2.7183. Now try using log tables. 
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MAGNITUDE 


Figure 2: the RC low pass filter circuit 


Because the two parts of the 
problem relating to filters are time and 
frequency it is necessary to understand 
the links between the two and why this 
particular transform works. 


Time and frequency 

lf, for example, a 1kKHz sine wave is 
displayed on an oscilloscope which has 
a timebase of 0.5ms/division the screen 
shows a number of waves, five for a 
typical ‘scope, each with a duration of 
two divisions on the horizontal, or time, 
axis. Since we have 0.5ms/division each whole cycle of the 
wave lasts for 2 x 0.56ms = 1ms. 1ms is just another way of 
writing 1/1000 so we can conclude that 1kHz = 1000Hz ( 
1/1000 second. (The expression ( means ‘is equivalent to’ in 
mathematics.) Or frequency = 1/time and this interrelation is 
the foundation of the transform method we are going to use. 
Taking this expression, it is possible to express a frequency as 
a function of time and vice versa. 


The Laplace transform 

The transformation to convert time waveforms into frequency 
information is named after the French mathematician and 
astronomer Pierre Simon, Marquis de Laplace (1749 - 1827). 
| will not go into the details of the mathematical proof here, 
but there are plenty of good text books available that will 
expand on the theory. The equation below is the definition of 
the Laplace transform of a time dependent waveform f(t). 


oO 


L[f()] = Fls) -[rea 


0 
Equation 1: the Laplace transform equation 


It is rather a complicated equation but what is boils down to is 
that f(t) (the time waveform) can be expressed in terms of 's’, 
by multiplying the component parts of the time information by 
e-st and integrating the result over the period of the 
waveform. ‘s’ is an expression of frequency that also contains 
the phase information, vital for calculating the correct 
response of a filter. 

Luckily, very few people have to go through this process, 
as numerous tables of calculated results (called transform 
pairs) have been published and all you have to do is look up 
the time information that corresponds to your particular 
problem and then read across to the transform result, Taking 
the inverse Laplace transform to get the answer is just the 
reverse of this procedure. 

The usual way of defining s is as a complex frequency 
variable equal to o+j@. o is a number which is required for 
the convergence of the integral, equal to zero in useful 
cases. This leaves the formula s=j@ which you may 
remember from above. 


1 
i 


FREQUENCY 


Figure 3: the frequency and phase transfer plots for the circuit of figure 2 


Example 
Having explained what Laplace transforms are, let's look at an 
example in real life. Figure 2 shows an RC filter that will be 
readily known to all of you. It is a low pass filter and the 
frequency dependent element is the capacitor. Solving this in 
the frequency domain in order to obtain a standard amplitude 
versus frequency plot we follow this procedure. 

The circuit is a potential divider so the output voltage is: 


Vout = Vin(reactance of capacitor C)/ (reactance of capacitor 
C + resistor R). 


Capacitive reactance is 1/j@®C, so the formula simplifies to: 
Vout = Vin(1/j@C)/(1/i@C + R) 


Or more usually expressed in terms of the ratio of output to 
input and also multiplying the right hand side by j(C: 


Vout = (1/Vin) x (1 + j@CR) 


This can be solved for both amplitude and phase of output 
with respect to the input and the graphs in figure 3 are 
obtained. Note however that the analysis was done for single 
frequency inputs, so what happens when we apply a time 
dependent waveform such as a step? 

Figure 4 shows the circuit configured to accept the input 
from a DC supply when the switch is closed, A single condition 
will be made in order to keep the analysis simple, the capacitor 
C has no charge on it so that before the switch is closed Vin = 
Vout = 0 volts. 

The input waveform is zero before the switch is closed and 
then V volts afterwards, in other words a single step function. 
Looking at a table of Laplace transforms a step function in time 
has a transformed value of 1/s, Thus taking into account the 
value of our input step we have an input of V/s. 

Next we have to transform the network to obtain the 
transfer characteristic. The resistor is independent of frequency 
so it has no frequency-related transform. Tne capacitor is 
dependent and it transforms to a value of 1/sC. Note that this 
is very similar to the 1/(C we used above. Now we can 
proceed with calculating the potential divider circuit as before, 
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Figure 4: The RC filter network when subjected to a time 
dependent input 


POINT AT WHICH 
Vout = Vin(1/sC)/(1/sC + R) SWITCH IS CLOSED 


Or: Figure 5: the output waveform (in the time domain) of the circuit 
of figure 4 
Vout = Vin x (1/(1 + sCR)) 

and we can substitute this into the original equation: 


Having already described the input step as being V/s we can 


substitute this into the above equation and simplify: Vout = Vin(1 - e“°*) 

Vout = Vin/s x 1/(1 + sCR} This equation describes the output time-related response and 
is shown in figure 5. This will be familiar to anyone who has 

The term 1/s(1+SCR)} is usually rewritten as: observed a step input to an RC network on an oscilloscope. 

For an inductor, the Laplace transform impedance is sL, 

(1/CRV(s(s + 1/CR)) and in circuits containing inductors, this can be used in the 
algebra just as 1/sC is used for the capacitor. In fact, even very 

Looking up the inverse transform for this expression we get: complicated circuits can be resolved using the same algebra 
used for networks of resistors, but with 1/sC or sL used 

(1 - evr) instead of a resistance as appropriate. 
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—Beerstat 


Keep your cool drinks at a comfortable temperature, while using thé 
power. This electric coldbox controller will optimise the use of your elé 


coldbox, coldly. | 


Andrew Armstrong 


arm cola is occasionally useful, in small 
doses, to help relieve a slightly uneasy 
stomach, but as an enjoyable drink, it leaves 
something to be desired. I’m not sure that 
warm beer is good for anything at all, apart 
from proving that you are in Olde England. In summer, on 
a picnic, a cool drink is good, so you can use an insulated 
coldbox. 

The snag here is that, to keep the temperature down 
for a while, the contents start off cold enough to be like 
lightning on the teeth. Then, after a while, it warms up to a 
comfortable coolness, then eventually back to the old 
familiar warmth. The answer to this lack of cool is an 
electric coldbox, 

Electric coldboxes normally use a Peltier effect device 
to pump heat out of the insulated space. The Peltier effect 
is the absorption or production of heat in junctions 
between dissimilar materials. Electrons passing across the 
junction absorb or release a quantity of energy equal to 
the transport energy and the energy difference between 
the conduction bands of the materials. 

Figure 1 illustrates the construction of one stage of a 
thermoelectric cooler using the Peltier effect. The Peltier 
effect is the reciprocal effect of the familiar thermocouple. 
Thermocouples are used to measure temperature, and can 
be made to operate accurately and reliably at high 
temperatures. 

Figure 2 is a schematic example of a thermocouple for 
measuring temperature. To a close approximation, the 
voltage across the two wires is proportional to the 


difference in temperature between the two 
junctions. Of course, this is not very useful for 
measuring, say, room temperature, because both 
junctions will be at the same temperature. 
However, if one junction is at room temperature 
and one at the temperature of a furnace to be 
controlled, then variations in room temperature will 
only have a small percentage effect on the 
measured output. 

To eliminate the unknown factor of the 
thermocouple temperature, what is known as 
“cold junction compensation” is normally used. 
This usually employs a semiconductor 
temperature sensor accurate over a limited range 
of temperatures to add or subtract a voltage equal 
to that generated by the reference junction, 

However, any junction between dissimilar metals 
generates a voltage across itself which is a function of its 
absolute temperature. This can cause problems. 

In a circuit which is at the same temperature throughout, 
the voltages across all the junctions will cancel out, 
regardless of the number of different metals involved. If, on 
the other hand, there is a difference in temperature between 
two different junctions, then there will be a net voltage 
developed. This effect can cause unintended small voltages 
in circuits, so that it can be difficult to measure very small 
de signals accurately. So much of a problem is this, that in 
extreme cases printed circuit designs must explicitly take 
account of the problem. Slots can be cut out of boards to 
isolate a section thermally, leaving just enough material to 
provide physical support and to carry connections. 


Figure 1: a Peltier effect device, very much like a series of 
thermocouples optimised for heat pumping instead of 
temperature measurement 
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Figure 2: the “classical” thermocouple 


Control freak 

Running a coolbox consumes a lot of power from the point 
of view of a car electrical system, particularly if the engine 
is not running. It does not make sense to cool the drinks 
to the point where they are too cold for comfort, using 
extra charge from the battery. 

The extra power consumption is more than it might at 
first seem. At a lower temperature inside the coldbox, the 
rate of heat flow into the box is increased proportionally to 
the difference in temperature between the inside and the 
outside, but also the efficiency of the thermoelectric cooler 
is reduced as the temperature difference across it 
increases. At higher temperature differentials, more of the 
energy is used to pump out heat which has conducted 


— 


Figure 3: the circuit diagram of what is on the printed circuit board 


through the device from the hot face to the cold face. 
Typically, at a temperature differential of 6SdegreesC no 
further cooling of the cold face is possible. 

The first design worked on the lab bench just as 
designed. Some time elapsed between the breadboarding 
and the first test in a coldbox. Unfortunately, the dictum 
about plans not surviving contact with the enemy seems 
to apply. This is, of course, why we build prototypes. 

When the Beerstat was fitted in to a case and 
connected to an actual electric coldbox, the relay would 
occasionally chatter at the point of switchover. The cause 
was that the surge at switch on, and the spike at switch 
off, induced too much noise into the comparator input. 
This was cured by adding more hysteresis, but the 
required hysteresis for reliable operation was twice the 1 
degree | had hoped for. 

The solution was to use two diodes in series to sense 
the temperature, rather than just one. The same number of 
millivolts of hysteresis now only corresponded to 1 degree, 
and all worked well, 

Subsequently | used the controller with a mains power 
unit to run the coldbox. The fault seemed to reappear, and 
time was spent searching for a (non-existent) design error. 
Eventually | discovered that the connections to the 
reservoir electrolytic in the mains power supply had 
become high resistance (the capacitor is a unit the size of 
a baked-bean can, with bolt-down aluminum terminals 
coarse thread terminals). The bolts had loosened by a tiny 
fraction of a turn, and the contact resistance had risen. 
The result was a high level of SOHz ripple on the output of 
the power unit, and a 50kHz oscillation in the regulator 
circuitry, which needs a low-input impedance to remain 
stable. 


The circuit 
The circuit is of a reliable and non-controversial design. It 
has been deliberately designed to use the temperature 
dependence of the forward voltage of a silicon diode to 
measure temperature, avoiding expensive temperature 
sensors, which would work no better for this application. 
The change in forward voltage drop of a silicon diode is 
approximately -2.1mV/degreesC, a fact which is widely 
applied, but which is not obvious from the normal diode 
junction equation. 
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av is different for different diodes out of the box, This 
kT tolerance amounts to many degrees, so that a calibration 
T= Ie ~ | system is needed to allow the temperature to be set with a 
reasonable range on the control potentiometer. 


where v is the forward voltage across the diode, q is the The first attempt to design the circuit used resistors 
charge on the electron (1.6e-19 coulombs), k is and preset potentiometers each side of the temperature 
Boltzmann’s constant (1,88¢6-23 J/K (joules per Kelvin)), control potentiometer, so that the upper and lower 

and T is the absolute temperature in Kelvin. This equation, voltages could be set to match the diode voltage at the 
beloved of 

semiconductor fo 

lecturers, implies that SWITCHED 


4+VE 


the junction voltage = : ee 
increases with 

temperature. This is 

not the case, because 

the crucial factor Is RvV2 
has a temperature 


TO ELECTRIC COLDBOX 


dependence which ‘ * 412V 
- CAR 
reduces the junction dara 


voltage approximately 
proportionally to 1/T. 
This accounts for 
the variation of voltage 
drop with temperature, 
but the actual voltage 
at a given temperature 


Figure 4: PCB component positioning and connections 


ELECTRONICS TODAY INTERNATIONAL VOLUME 27 ISSUE 12 
26 


ETI 
Beerstat 


Figure 5: front panel fabel 


high and low temperature points. Then | tried to figure out 
a calibration procedure, and abandoned it on the spot. 

The next approach is shown in figure 3, the circuit 
used for this project. First of all, the value of R3 was 
chosen, then R1 and RV1 were calculated to provide a 
voltage equal to approximately the middle of the tolerance 
range for the two diodes in series at OdegreesC, with RV1 
set at its mid position. 

Then the value of R2 was calculated. The requirement 
here was to pot down the range of 0 to 5V, down to a 
range of 0 to 84mV. The “lower" resistor of the potential 
divider network is actually R3 in parallel with the series 
combination of R1 and RV1, which can change as RV1 is 
adjusted. However, the magnitude of this change is small, 
and its only effect is to alter the scale slightly. This means 
that if the calibration is set so that 1OdegreesC falls in the 
middle of the range of the control potentiometer, no 
setting that is likely to be used will be far from its expected 
point. 

This provides an adjustment range of 0 to 20degreesC. 
In practice, the value chosen for R2 allows a range of 23 
degrees, but if the unit is set so that 1OdegreesC is at the 
center of the control potentiometer, then OdegreesC and 
20degreesC are close to opposite ends, which makes the 
control range suitable for the intended use. 

You may have noticed that the addition of R2 would 
affect the previous calculation, to set the typical diode 
voltage using R1, R3, and the value of RV1 at its mid 
point. This is true, but the effect is small enough to be 
ignored. Its only effect is to alter the setting of the 
calibration potentiometer very slightly, 

So far so good. R5 provides hysteresis, and R6 gives 
the pullup required because the comparator output is 
open collector. The output of this comparator controls the 
gate of a VN10 TO92 power mosfet, which switches the 
relay. 

The use of a bipolar junction transistor here would, of 
course, have reduced the voltage change on the 
comparator output to the point where the hysteresis would 
not have been sufficient for correct functioning. 

The LM393 contains two comparators, so | decided to 
use the other one to protect any battery used with this 
project from over-discharge. The operation of this part of 
the circuit is a compromise. | first designed it to work at 
about 10V, with a volt of hysteresis. | then altered the 
values using trial and error until it worked reasonably at 
the end of a length of wire, in which there was a voltage 
drop. It would obviously cause problems if the voltage 
drop in the wire when the cooler is running were greater 
than the hysteresis. Equally it is not a good idea for it to 
switch off because of too low a voltage while the battery is 
perfectly healthy at the other end of the wire. 

In any case, this comparator uses the 5V regulated 


supply as a reference to measure the 12V supply, and 
switches off the cooler if the battery runs flat. It should 
protect against damage to the battery caused by over- 
discharge, but is unlikely to leave any useful amount 
energy in it. You might push start your car, but don’t 
expect to operate the starter motor! 

The voltage regulator used is an automotive rated one, 
so it should survive operation when the engine is running. 
lt has done so in my car, but this should not be taken as 
proof that it will be reliable in all cases, 

Reverse polarity protection is provided by D2, which is 
not in series with the load drawn by the cooler, so it does 
not dissipate much power. However, there is another 
reverse polarity situation to consider. The coldbox used to 
test this unit can heat as well as cool, while the 
thermostat in the unit can only control cooling. Cooling or 
heating is selected by reversing the power plug to the 
coldbox, so it is vitally important to plug it in the correct 
way round. 


Construction 

The printed circuit board is easy to assemble, and has 
only one static-sensitive component on it. The mosfet, Q1, 
can be damaged by static, so it is best to fit this last, 
touch a grounded object before picking it up, and don't 
shuffle your feet on the carpet until it is soldered in place. 
The component overlay, and the pcb connections, are 
shown in figure 4, 

The unit is designed to fit into a case made by OKW, 
and available from RS/Electromail. The mounting holes 
match the offset bosses moulded into the case, so do not 
be confused by the apparent error in hole spacing on the 
pcb. 
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The connections are all taken via a hole drilled in the 
dark grey end of the case, the end with the wider 
mounting-hole spacing. The diodes are connected using 
thin twisted wire, soldered to the pads on the pcb. The 
connections to the diodes should be protected using 
insulated sleeving. The diodes themselves will easily fit 
through the hole for the connections after the pcb has 
been fitted to the case. The power connections, to the 
cigarette lighter plug, which plugs into the outlet in the car, 
and the cigarette lighter socket, into which the coldbox 
plugs, can be fitted after the board is mounted. A pair of 
narrow nosed pliers will be helpful to fit the wires into the 
screw terminals. 

The prototype used a fused cigar lighter plug, with an 
8A fuse fitted. If an unfused plug is used, it is 
recommended that an inline fuse is fitted in series with the 
positive connection. 

If you wish to use the label (figure 5) designed for this 
project, it is suggested that you photocopy it onto 
transparent film, and stick it on to the lid of the case 
before drilling the hole for the potentiometer. Then drill the 
hole, file a small slot for the polarisation pip and fit the 
potentiometer. Then fit the knob so that the 10eC mark is 
in the middle of the rotational range. 


Calibration 

If an accurate thermometer is available, then the best 
means of calibration is to immerse the two diodes and the 
accurate thermometer in a glass of water, and add small 
quantities of warm water or ice as required to bring the 
temperature to 10degreesC. Remember to stir the water 
well, to make sure that the temperature is even. 

When the water temperature is correct, power up the 
Beerstat and turn the control knob backwards and 
forwards past the 10degreesC point, while adjusting RV1 
with a screwdriver until the relay clicks on and off just 
either side of the 10degreesC point. The unit is now 
calibrated, and the lid may be screwed in place. 

lf an accurate thermometer is not available, then the 
next best approach is to use melting ice as the 
temperature reference. Small pieces of ice in just enough 
water to cover them will remain at a temperature of 
OdegreesC for as long as the ice is melting. Immerse the 
two diodes in the water, and set the control knob to about 
10 degrees clockwise of the anticlockwise end stop. 
Adjust RV1 to the middle of the point at which the relay 
clicks. The unit is now calibrated, and the lid may be 
screwed in place. 


in use 

To use the temperature controller, it is clearly necessary to 
feed the temperature sensing diodes into the coldbox 
under the edge of the lid. It is for this reason that thin wire 
must be used. The control results depend, in part, on the 
positioning of the diodes. | found that somewhere around 
the middle worked best. 

Keeping the cold drinks at a reasonable temperature 
seemed to require the coldbox to be powered up for about 
one-third of the time. To maintain a reasonable 
temperature for storing milk (approximately 4 degrees) 
needed the unit to be running for most of the time. So, a 
practical size of solar panel could keep a smail sealed lead 
acid battery charged when cooling drinks to 12degrees C, 
but a much larger panel would be needed to keep milk 
cool (max 4degreesC) on a camping weekend. 

The unit now resides in my garage, when not in use on 
the move, keeping the beer, lemonade, and cola at a 
comfortable temperature to drink. 


oe 
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1k CP10H style eg Electromail 


10k min conductive plastic 
potentiometer eg Electromail 240- 
2262 wid 


Capacitors 

Ci, C3 100n polyester, 0.2-in pitch 

c2 47uF 16V radial electrolytic 0.1-in 
pin spacing 


Semiconductors 
D1, D2 1N4148 
a1 N10 
4C1- LM393 
LM2931 


ellaneous 
-) © & way 0.2-in pitch peb 
mounting screw connector 
42V min 5A spco relay. Electromail 
4. or 369-472 or equivalent. 
065 (Electromail 583-088) 
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Circuits for 


Music Lovers 


James Scott 


The combined Bass and Treble Boost, 
the Soft Limiter and the Smooth Fuzz to build 


ere are four more 
circuits to following 
last month's 
collection mainly for 
guitar and vocalists. 


Working Together 
for Clarity 


A combined bottom 
and top end booster 
This combined effort is a 
switched filter network centred 
around transistor Q2 (figure 16). ° BASS/ 
First, the guitar signal arrives via a TREBLE 
decoupling capacitor C1 to the 
transistor Q1. Note that Q1 is 
biased in a common emitter 
configuration, which in fact 


Figure 16: the combined Treble and Bass Booster circuit 


buffers the signal before it is processed by Q2. To obtain a How it works 
distinctive treble boost, you must close S1 and set RV1 to its Consider Q2 to be an amplifier with its gain determined very 
minimum value. To get bass boost, do the contrary, open S14 roughly by R6/R7. Now look at the circuit again, and you will 
but set RV1 to about 500 ohms, you'll soon hear if you have notice that R6 has some other components in parallel with it, 
the correct value. notably C3, R8, C5 and R10. 

It is also possible to get the smiley U-shaped curve if you The same goes for R7, which has R9 and C4 in parallel with 
keep S1 closed and adjust RV1 to nearly its maximum value. it for treble boost. As you know, the impedance or ac 
This will enrich the sound, giving simultaneously bass and resistance of a capacitor is determined as Zc= 1/2f.C). Thus, if 
treble boost, gain of the amplifier is defined more precisely as the 


BASS BOOST 
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TREBLE BOOST 
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1,5kKHz 
FREQUENCY (log) 


Figure 17: plot of a single-switch treble OR bass booster Figure 18: the stripboard plan for the Treble and Bass Booster 
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impedance in the collector divided by the impedance in the 
emitter of Q2 {that is, Zc/Ze), then for various frequencies and 
opening/closing of S1, we will have different amplification 
factors at all frequencies as shown in the Bode plot (figure 17). 
This circuit can easily be put together as a prototype onto a 
copper stripboard as shown in figures 18 and 19. You can then 
select a suitable rigid box to mount the board and foot-switch . 


S LIGer Tor tne Bace/iTreanio Booster | 


Resistors 
R1,R2,R4 
R3 

| RS 


[——~] FLYING LEADS | 
© 


Figure 19: the component layout for the Treble and Bass Booster 


while the transistor counterparts generate vast quantities 
of harmonic distortion. The circuit in figure 20 simulates 
the soft clipping of valve amplifiers and is intended to be 
used between the power amp input and the pre-amp 
output. 

For small signals the amplifier's output is an exact unity gain 
copy of the input. As the signal level increases, however, the 
time will come when the voltage across the output and slider of 
PR1 will be sufficient to bias Q1 and Q2 on. When this occurs, 
the feedback increases due to the shunting effect of R2 and 
R3. 

The net effect is that musical peaks above a certain 
threshold are reduced in amplitude to prevent the power 
amplifier going into hard clipping. 

As a result, distortion is noticeably decreased, while the 


2 i 7 subjective loudness appears unaffected. The circuit is 
Soft Clipping Limiter adjustable between 130mV and 10mV rms input sensitivity by 


means of PR1. To set up the circuit, simply set the pot so that 
Soft Limiter it is shorted to the output of the amplifier. Play some music at 
One of the fundamental differences between valve and high volume through the system, and adjust until the harshness 
transistor amps is their behaviour when driven into just disappears. Adjust PR6 to fine-tune the correct gain, It’s 
clipping. The valve amps go into so-called soft clipping easier to do than it is to describe! 


Smooth Fuzz 
In principle, fuzz is easy to produce. Just 
Pei = ert the signal in any way you can. 
GUITAR IN St designs use a Schmitt trigger to 
of ees Ge square up the signal, however, the 
problem is that the guitar note never 
decays gently, it just stops! When you 
want is a refined sound which gives a 
Figure 20: the circuit of the Soft Limiter limited sustain without destroying all the 
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27dB 
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900Hz 
FREQUENCY (log) 


Figure 21: the Bode plot of the Smooth Fuzz 


harmonics - and all at a reasonable price. 

The guitar signal enters the first op-amp which increases 
the gain by about 60. The filter network around the first amp 
acts as a low pass filter, cutting off at about 1kHz and then 
dropping dramatically down as in the Bode plot in figure 21. 

The fittered signal now enters the second stage which is the 
distortion generator. Very small signals are allowed through but as 


SCAN GUITAR IN 


GUITAR IN 


470p 100n 
* + 


soon as the signal 
rises above 500mV, 
the two vack to 
back diodes 
conduct, which in 
fact simulates a 
short circuit, thus 
putting in effect R& 
and R7 in parallel 
with each other, 
which has the 
consequence of 


GUITAR INPUT _ _ 


SMOOTH FUZZ OUTPUT 


Figure 22; the waveform plot of the 
Smooth Fuzz 


decreasing the amplitude of the signal. The output of this stage is 
further processed by a passive filter RV1/C8/C9 and RV2, which 
controls the overall output amplitude. The oscilloscope simulation 
in figure 22 shows the classic distorted but rounded waveform. 

A suggested component layout for the smooth fuzz is 
shown in figure 23, and a circuit for the smooth fuzz is shown 
in figure 24. 


Components 
Ri, RS 
R2,.R3, R7, R10, R14 


Figure 24; the circult of the Smooth Fuzz 


GUITAR OUT 
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Easy-PC for 
Windows and 


MultiRouter Il for Windows 95 


Easy-PC and the companion MultiRoute I! is put through its paces. 


Easy-PC and MultiRouter 
Number One Systems, Harding Way, St lves, Cambridgeshire, 
England, PE17 4WR. Tel 01480 461778. 


Easy-PC £595.00 
MultiRouter |! £295.00 

Pin limited versions: 
Easy-PC 500 £245.00 
MultiRouter {l-500 £195.00 


You can get the most up to date information on the Number 
One Systems website at http:/Avww.numberone.cor/ (also 

linked from the ETI website on http://www.aaelectron.co.uk/ 
eti/links.htm!| ). 


Number One Systems have offered a 20% discount on 
list prices for ETI readers who quote this review when 
ordering. 


| first encountered Easy-PC in 1984, when the program, like 
nearly all PC programs, ran under DOS. This was a low cost 
program with limited capabilities (for example, tracks 
connected to a component did not move when the component 
was moved). It was extremely easy to learn, and represented 
good value for money. 


The current version of Easy-PC bears about the same 
relationship to its forbear as a modern car does to a cart with 
an engine and a tiller for steering. It features separate 
schematic and layout editing tools, which can be integrated via 
a project file. 

In brief, the program is still easy to learn relative to its 
capabilities, and is inexpensive compared to its industrial rivals. 


Installation 

The basic CAD system is installed from five floppy discs, A 
product key code is needed to allow the installation to 
proceed. It does seem to be aimed squarely at business users, 
as it refuses to install unless you give it a company name. 

Easy-PC includes schematic and layout. Since the normal 
way to design a printed circuit board is to start with the circuit 
diagram, and use information derived from this to specify the 
component outlines and the routing for the pcb, | have carried 
out the process in this order to test the system in a realistic way. 

In order to do a fair test | chose a circuit of just sufficient 
complexity to demonstrate the features, The chosen circuit, as 
it appeared on the screen, is shown in figure 1. Its purpose is 
to compare two frequencies, and give a clear visual indication 
of beats between them. 

This circuit should be able to be routed as a single sided 
pcb, perhaps with a small number of wire links, a typical 
requirement for a small project. The LEDs can be surface 
mount on the component side, giving at least a first indication 
of how easy it is to use the system for surface mount designs. 


Drawing the schematic 

The chapter on “Getting Started” (page 23 of the manual) 
suggested that | start a new schematic, which | did. Placing 
components on the screen was intuitively obvious in its 
operation. Simply click on the “add component” tool, which 
displays a tool tip in the way standard for windows programs, 
and a dialogue box appears, as shown in figure 2. It was easy 
enough to select libraries which contained the relevant 
components and place them on the pcb. The option to view the 
component, added in version 2, was for me a valuable addition. 

As it turned out, one of the components needed, the 
LM311, did not appear in either the expectable library names, 
nor in the library listing in the manual. The next task was to 
generate a new component. First it was necessary to find out if 
the necessary schematic and layout symbols already exist, 
which they did. Opamp5 and DIL8 seemed to be correct. 

It is vitally important to select [file], [libraries], {component} 
on the menus and set the active symbol! and component 
libraries. | needed the IC layout and schematic libraries, and 
created a new library for this and any other special 
components which may be needed. If you do not select the 
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Figure 1: The schematic as it appears on screen. The light-on-dark is clearer on screen than in print 


libraries at this stage, then the component edit dialogue box 
will only offer you the choice to select component libraries in 
the directory where the current design is saved. 

The component creation process is straightforward and 
logical. You select [edit], [assign pins], then click on a pin on 
one symbol, and its corresponding pin on the other one. In this 
way schematic pins are mapped to layout pads. Figure 3 
shows the component creation window, 

Once the 
components have been 
placed in a logical order 
on the schematic page, 
they need to be 
connected together. 
Connections can be 
added by clicking on the 
Add Connection button 
on the tool bar, double 
clicking on a component 
connection, or hitting 
F2. Right click and co yeetaaion 
Finish on the pulldown , ee eee 
menu completes the 
connection, as does 
double clicking on the 
end point. 

Version 2 adds the 
option of double clicking 
ta route, in so-called 
stitch mode. This may 
be selected by choosing 
the Settings menu then 
clicking on preferences. 
Other options added in 
version 2, include auto- 
pan on the pcb layout, 
and dynamic optimise. 
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It is also possible to alter 
the width of connection lines, 
as can be seen by the thicker 
ground tracks in figure 1. 

| could not find a way to 
move the component value 
separately from the component 
number, but the dialogue box 
to display the other component 
parameters is self-explanatory. 
It is shown in figure 4. 

Another component had to 
be generated: a surface mount 
LED. Editing the layout symbol 
to include a polarity indication, 
and storing it in a new library 
afterwards, presented no 
problems. 

Finally, | needed some input 
and power connections. An 
ordinary pad with a wire soldered 
to it is suitable for a project of this 
nature, so | searched for one in 
the library. For some reason | 
failed to find it immediately, so | 
decided to leave it until later, in 
order to see the rest of the 


software in action as soon as possible. This proved to have been an 
error of judgement, as will be clear later. 

A useful function added in version 2 is the ability to copy a 
section of circuit diagram and duplicate it. A dialogue box offers the 
choice to merge named nets, so that power, ground and suchlike 
can be common, but the signals can be separate. Components 
are automatically renumbered appropriately. One minor example of 
where this would be useful is in the design of a stereo amplifier. 


Figure 2: The "Add Component” dialogue box, showing the component preview 


Figure 3; The new component creation dialogue box 


PCB generation 

When the schematic was drawn, clicking on [tools] [convert to 
pcb] transferred the schematic information to a pcb outline 
shapes in a pcb layout window. It is necessary to make sure 
that the required layout symbols exist before you do this, 
otherwise the system will continually ask you for a library name 
for the given component. ESC does cancel the operation, but 
it is not intuitively obvious. 

The components are initially placed as shown in figure 5. 

| drew a board outline and proceeded to place the 
components, The LEDs were to be mounted on the copper 
side of the pcb, and they were transferred to that side all at 
once by selecting them and using the flip command. 

At this stage there was a long pause. The ratsnest lines 
refused to admit to being attached to the LED pads, and the 
helpful people at Number One Systems explained that the 
sequence of operations which | had carried out had triggered 
a problem which only a few people had experienced, and 
which was being fixed. As things were, | could not route to 
the pads, and the autorouter would not even start. 

| received update discs, but was unable to return to the 
layout immediately because of other scheduled work. These 
updates would also have been available to any purchaser for 
the first six months after purchase. In addition, if you register 
your software, Number One Systems will notify you of further 
updates, and offer you an upgrade price. 

| used MultiRouter {| to route the pcb, with good results as 
detailed below, When the autorouter was finished, | decided 
to add the power and input connections. | returned to the 
circuit diagram, and found the component for a single 
connection immediately. After adding it to the schematic | 


tried to make the system update the pcb layout, but it would 
not do so. In order to proceed it was necessary to overwrite 
the existing pcb layout in the project, and lose the board 
outline, the component placement, and all the routed tracks. 

| did discover a workaround. The existing layout was first 
saved under a new name, then the pcb was overwritten. The 
added components were simply copied from the new 
unrouted pcb to the existing routed one, and when they were 
pasted on to the layout a dialogue box popped up offering 
the option to merge nets of the same name. It might not be 
possible to cope with changed connections in this way, but 
the added components were netted to the correct points. 

One other minor niggle (a problem | have encountered 
with other CAD packages in the past) is that, when moving a 
component name, there is no indication which component on 
the layout it refers to. 

| noticed a couple of particularly useful features: When re- 
starting the program, it restores the screen to the state it was 
in before the program was closed, which few programs 
trouble to do. Also, in the pcb editing mode, simply hitting 
the “A” key will zoom the pcb to fit the window. 


Technology 

Manual routing of the board is carried out by double clicking 
on a net line, routing the track where it is needed, then 
double clicking again at the end. The corners may optionally 
be mitred while routing, or alternatively this can be done later 
by simple clicking and dragging the cursor on the corner to 
be mitred. The intelligent track segment drag makes it 
relatively simple to move a track aside to fit another on 
through a limited space. 

The track width used is controlled by a technology file, 
which specifies a maximum and minimum track width for 
different net classes. Normally the only two net classes 
needed will be power and signal. 


The router 
The router runs in a DOS window. | am informed that the 
version currently available will not run under Windows NT, but 
that the version which will run under Windows NT will be 
available very soon, perhaps by the time this review appears. 
While the router is running, the display of its progress is 
simply a list of success percentages. However, this may 
speed up the process. 


Properties 


Component Name 


Figure 4: The comprehensive component properties dialogue box 
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Figure 5: The components positioned after using “Translate to PCB” from the Tools menu in the schematic editing window 


It is a rip up and retry router, and therefore it is useful to 
allow it to use multiple passes. It has its good and bad points - 
in common with other autorouters | have seen, it appears 
impossible to prevent it from connecting to pads in illogical 
directions occasionally. On the other hand, it demonstrated a 
surprisingly high completion rate on a number of tests, and did 
succeed in routing the pcb completely as a single sided board. 
| would judge this board to be exceptionally difficult to route 
completely as single sided, and would have expected typically 
two wire links to be needed. 

The routed pcb does exhibit some tracks which leave the 
pad in an illogical direction, and some manual tidying would be 
needed for this design. Nevertheless, after the manual tidying 
has been done, the time taken to route the pcb will still have 
been much less than to route it all manually. 

One function which | could not make work after a number of 
tests was that of fixing track segments so that they would not be 
re-routed by the autrorouter. Although, when | started the 
routing, | had fixed several tracks, and made sure that only the 
bottom layer was present in the design, and that the single sided 
technology file was loaded, the process of autorouting always 
generated a new layer on which all the tracks were routed. 

Layer |, as it was always named, was a top layer, and 
always coloured light blue by default. Tracks which | had fixed 
on the bottom layer were transferred to this new layer and 
normally re-routed. Subsequent attempts to run the router to 
complete the board would result in 100% completion because 
the bottom layer was used as well. 

All this must have been an effect of trying to route the pcb 
single sided, (not a simple thing to do) because routing it 
double sided gave 100% completion in two steps, without any 
fixed tracks being moved. Possibly the single-sided test was a 
little unfair, but it is worth Knowing about 
because so many small projects are single 
sided. 

One thing which you cannot do, as yet, is 
to exchange gates or connections on the 
layout, and automatically update the 
schematic to reflect this. This feature, called 
back annotation, is under development for 
future updates. At present, the function must 
be carried out manually. However, if an 
integrity check is carried out, differences will 
be listed, giving a checklist for schematic 
revisions to match the layout. 


Plotting the output 

Easy-PC can provide outputs in several 
formats, including the essential Gerber format 
for use with photoplotters. 


Although there is no explicit means to step and repeat 
designs, or to tile different boards to make the best use of the 
available film area, if the different boards are plotted with 
appropriate offsets so that their positions do not overlap, then a 
tiled Gerber file can be produced by concatenating all the files, 
remembering to remove the M02 (which turns off the plotting 
machine) command from the end of all files except the last. 


Conclusion 

Easy-PC is a pcb design package which works well. Its 
second greatest virtue, from my point of view, is that it is 
relatively easy to learn, and seems to work in the way that a 
reasonable person would expect. In reviewing a program, it is 
sometimes difficult to learn sufficient about it, in the time 
available, to provide a fair assessment of its capabilities. In this 
case, although | know that there are capabilities which | have 
not covered here, | believe it has been possible to give a fair 
picture to enable comparison with competitive products. 

The very strongest aspect of the system is MultiRouter Il. It 
does a better job of routing than any other | have seen to date, 
excepting very expensive professional ones. 

Please note, by the way, that the circuit used to test the 
program has not been prototyped. It has been designed to be 
workable, but constructors should not depend on its 
functioning as drawn. It may perhaps be developed into a 
project in a future issue. 

Because of the timing of this review, it has not been 
possible to investigate some technical points in sufficient detail. 
By next month | expect to have investigated its handling of 
ground planes, how well it copes with more intensive surface 
mount work, symbol creation, and anything else which comes 
to light under further detailed testing. 
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Figure 6: The pcb after completion by MultiRoute II 
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REVIEW 


Vulkan Gas Powered 
Soldering Iron 


A neat and handy portable soldering iron. 


BS Manufacturing Ltd., Strawhill Industrial Estate 
Carlow, Ireland. Tel. +353 (0)503 41340 
Fax. +353 (0)503 40363. 
Soldering iron: £35 + VAT 
Soldering iron + accessory kits: £40 - £50. 


t can sometimes be useful to have a portable 

soldering iron to hand. There are two approaches 

to portable power: battery power and gas power, 

Given a straight choice, | would normally pick gas 

powered, so it was with some interest that | 
received this tool to review. 

The iron has a tough plastic handle and cover, and is 
supplied with one soldering bit and one gas torch accessory. 
It also has a neat stand which clips together, and which 
contains a sponge for tip cleaning. 

To try it out in a realistic situation, | threw it into my luggage 
when | went to stay with a friend for a couple of days. | also 
packed a standard cigarette lighter refill, some solder, and a 
Swiss army knife in my toolkit. 

There is always something that needs repair just waiting for 
a visit from someone who can do the repair (you have no 
doubt noticed this}. In this case it was the battery charger for 
an old analogue cellular telephone which had given up the 
ghost. It would sometimes 
work if you put a rubber 
band around the power 
connector, which indicated 
the problem. The low voltage 
power socket of the battery 
holder had broken from its 
printed circuit board and 
needed to be re-soldered. 


Matchless 

| unpacked the soldering iron 
and asked my friend to find 
a match to light it while | 
filled it with gas. Once the 
iron was fuelled | checked 
how to turn it on, and 
realised that | did not need 
the match. The ON valve 
also operates an igniter, so 
that as long as you wait for 
about half a second to let 
the gas reach the tip, it will 
ignite on the first try and 
start to react with the 


catalyst. There is no naked flame, the reaction is carried out at | 
a lower temperature in a catalyst inside the hollow base of the 
soldering tip. 

On the opposite side of the iron from the on-off valve is an 
adjuster to control gas flow rate, and hence the temperature. 
There was plenty of heat for the small soldering job on 
minimum setting. 

Subsequently the iron has performed well in other tasks, 
including a television repair. Temperature cycling had 
crystalised the solder joint on one terminal of the line output 
transformer, and the pin was arcing to the pcb. A little extra 
heat was needed for this task, but | still used only 30 percent 
of the soldering iron's maximum available power. 

The flame gun gives a fine flame, though | have not yet had 
a use for it. A number of extra accessories may be purchased, 
and | suspect that | shall be looking at the hot-blow accessory 
for heat-shrink sleeving. 

The only criticisms | had of the unit we were given were 
that the stand could overbalance if you were clumsy with it, 
and that the parts of the iron could become separated 
because there was no proper carrying case or bag. There is in 
a set with a carrying case and additional accessories. All in all, 
this is a very useful tool, 


The soldering iron with flame nozzle, protective cover and stand cradle (which rests in a metal frame} 
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isplay 


This third and final part describes how to make the enclosure and metalwork, 
wiring up the control panel and assembling a fully cased system. 


Robert Coward 


his is the third and final part 

of this three-part series 

describing how to build a 

professional quality 24- 

character by 4-line dot 
matrix LED display system. In part 1, the 
various system components were 
described, and detailed instructions were 
given on constructing the QUICC-IDM 4% 
control board. In part 2, last month, 
advice was given on choosing suitable 
power supplies, constructing various 
cable assemblies and assembling a 
working prototype system. In this part, 
as well as the description of the 
enclosure hardware and wiring, some advice is also given on 
using the in-circuit PIC programming facility, and interfacing 
external equipment to the system. 


Case construction 

The original enclosure is a professionally built flight case, 
available from Five Star Cases (tel 01945 474 080) as a ready 
made item, part number 6637. However, you can make a case 
yourself from suitable materials (such as plywood and 
aluminium edging). Diagrams showing critical dimensions are 
given in figures 6 -9, While the height and width are fairly 
critical in order to accommodate the panels, the depth is less 


fu Licolour 
Fully PO Controllable 


737mm MIN | 


24 x 4 line 


by Robert Coward 


so, and was chosen to accommodate the power supplies and 
QUICC board comfortably, while also allowing plenty of room 
for future expansion. The case has a "rack" format, where the 
front and rear faces are removable; the former so you can see 
the displays, the latter so you can service the system. The rear 
panel catches should be lockable, to prevent unauthorised 
access and also to identify which face is which! At least two 
handles should be mounted on the top, since the case is quite 
heavy; it should ideally be carried by two people, though two 
handles are easier even for one person. 

The display panels are mounted from the front onto vertical 
metal struts that are not supplied with the ready-made case. 


MUST BE 


« 25tenn 285mm MIN 


288mm MAX 


740mm MAX 


Figure 6: the front view of the case, showing the critical inner dimensions 
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Figure 7: the cross sectional view of the case showing the 
battens and MDF boards 


These screw into wooden battens fitted along the top and 
bottom edges of the case. Figure 10 gives accurate 
dimensions for constructing your own struts. You will need four 
in total, and they should ideally be made of steel, though 2mm 
thick aluminium will suffice. Ideally, the display panel mounting 
holes should be MS threaded inserts, so that the panels can 
be screwed in from the front; otherwise, you can drill M3 holes 
and mount using nuts at the rear. Note that the extra holes 
between the display mounting holes (which can be used for 
mounting a filter) are not orthogonal, and are slightly closer to 
the top than the bottom. 

All switches, LEDs and connectors are brought out to two 
recessed dishes on the right hand side of the case; see 
figures 11 and 12 for cutout dimensions. The small dish 
carries the IEC mains inlet and optional neon indicator while 
the large dish carries the LEDs, switches and D type 
connectors. Note that some LED and switch positions are 
spare, to allow for future expansion. The dishes are available 
blank from Five Star Cases (Part number D2101K for the large 
one and D0941K for the small one, both finished in black), so 
you will have to cut them out yourself using the diagrams for 
reference. 

Inside the case, looking from the front, the logic PSU is 
mounted on the base to the right, and the display PSU on the 
base to the left. A piece of MDF fitted to the bottom of the 
case provides a stable mounting platform. The QUICC-IDM 
board is mounted on the underside of the top of the case, to 
the right hand side, also on a piece of MDF. You can either 
screw it in directly using woodscrews and spacers, or you 
could construct a suitable mounting plate (out of aluminium) 
with M3 spacers mounted on it to align with the mounting 
holes on the board. 

A 12V 120mm cooling fan is mounted on the left face, 
extracting air out of the case. Air flows in through gaps 
between the display panels and battens along the top and 
bottom edges, providing cooling to the panels themselves and 
the power supplies inside the case. The fan is powered from 
the 8V supply, so it shuts down when the system is in standby. 
The system does not require a high airflow (around 50cfm), so 
a very low noise fan can be used. In the prototype system the 


temperature rise was less than 10 degrees C, at maximum 
loading (all display LEDs on). Note that since the fan is 
powered from 8V, the airflow and noise will be significantly less 
than the manufacturers’ rated figures. For safety, | recommend 
fitting fan guards to both outer and inner faces. On the ready 
made case an external grille is already fitted, which doubles as 
a mounting plate for the fan. 

Provision is made for mounting a filter to cover the displays; 
this should have a non-reflective surface, and be very light, to 
prevent excessive attenuation of the display brightness. A gap 
of at least 1cm should be left along the top and bottom edges 
to ensure adequate airflow into the system. The filter can be 
mounted on spacers screwed into the extra mounting holes 
provided on the struts, which fit through the large holes in the 
front of the display panels. To minimise internal reflections, it 
should be mounted as close to the LED modules as possible. 


Cable assemblies 

The control panel needs extra cable assemblies that were not 
required to get the prototype system working. These are an 
RS232 serial lead (9-way D type}, auxiliary power lead (15-way 
D type), and the reset button and standby switch assemblies. 
You should already have the LED leads (covered in part 1), and 
the 25-way Expansion Bus D type should already be attached 
to the display ribbon cable. 


Serial cable assembly 

The serial cable assembly consists of a 9-way ribbon cable, 
one end terminated in a 9-way male IDC D type connector 
which fits on the panel, and the other end terminated in a 9- 
way female IDC D type connector which plugs into the IDM 
board, The cable length should be approximately 30cm. 


Parts required: 


9-way IDC male D type - RS 472-613 or Farnell 460-140 
9-way IDC female D type - RS 472-641 or Farnell 460-187 
9-way IDC ribbon cable - RS 360-093 (10 way) or Farnell 297-276 


Auxiliary Power Cable assembly 

The auxiliary power cable assembly is simply a 15-way female 
solder bucket D type connector (RS 473-919 or Farnell 315- 
321), soldered to wires which will be connected to the 5V, 24V 
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Figure 8: the right hand end of the case showing panel cutouts. 
Use the dishes as templates for positioning the mounting holes 
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Figure 9: the left hand end of the case, showing the fan mount. 
Extra mounting holes may be required for some types of grilles 


and OV lines on the logic PSU. As several pins are connected to 
each wire, it is advisable to solder them as "bus bars", by laying 
each pre-tinned wire along the pins, and soldering each pin to it 
in turn. Note that, for this reason, insulating sleeving cannot be 
fitted over the wires. The pin connections are as follows: 


24V - pins 1,2 and3 

5V - 6, 7 and 8 

OV - all other pins (lay along bottom row, and solder bridge to 
pins 4 and 5) 


This arrangement ensures that it would be 
very difficult to short the 5V rail directly to 
24V, without involving OV as well. The logic 
PSU should be short circuit proof, but 
accidentally connecting 5V to 24V could 
damage it, and all the connected 5V circuitry. 
Note that reasonably thick wire should be 
used to avoid voltage crops, and that the 
wire length should be approximately 30cm. 


Reset button and standby 
switch assemblies 

These two cable assemblies consist of 
approximately 30cm of lightweight twisted 
pair wire soldered to the switch assembly at 
one end, and a 2-way Molex header at the 
other, to plug into the appropriate half of PL4 
on the QUICC-IDM board. The control panel 
cutouts have been specifically designed for 
snap in miniature switches made by C&K, 
part numbers from Farnell as follows: 


1 off momentary switch body - Farnell 146- 
388 

2 off two-way switch body - Farnell 151-176 
3 off black bezel - Farnell 145-207 

1 off red button actuator - Farnell 146-391 

2 off black rocker actuator - Farnell 145-195 


Note that there is one spare switch position 
on the control panel, reserved for future 
expansion. To produce a neat finish, you 
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should fit an extra unsoldered switch in it (a black rocker is 
recommended). 


Assembling the cased system 

A diagram showing the internal layout of the system (excluding 
the display panels and struts) looking from the front is shown in 
figure 13. The first step is to mount the two power supplies 
onto the base of the case, with the logic PSU on the right and 
the display PSU on the left. The logic PSU's output terminals 
should be next to the right hand side of the case, and the 
display PSU's output next to the left-hand side, if possible. 
Note that if the display PSU has a fan, it should if possible be 
mounted so that the air flows to the left, to be extracted by the 
main system fan. If it attempts to pull air in the opposite 
direction, cooling will be inefficient. Next, mount the system 
cooling fan and guard(s) in the left-hand side of the case, and 
wire it to the output of the display PSU. Also connect an earth 
wire to the fan guard. 

Now, mount an IEC inlet (Farnell 313-737) and neon (Farnell 
147-422) to the small dish, earthing it via a tag attached to one 
of the IEC screws. Solder 10A rated mains wires to the IEC, fit 
an insulating boot, and run the wires to both power supplies, 
terminating them in suitable connectors. Note that an extra 
mains fuse must be fitted if both supplies are not individually 
fused internally (most switch mode supplies have internal 
fusing). All internal mains wiring should be rated at 10A 
minimum, so that it has the same rating as the highest rated 
IEC mains lead that can be plugged into the system, therefore 
being protected to the same degree as the lead. Mount the dish 
into the case via M5 screws, preferably black for a smart finish. 


Figure 10: the display panel mounting strut dimensions 
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The control panel can now be 
assembled, according to figure 14. 
Snap in the switches, ensuring the 
spare is at the bottom, and fit the LEDs 
into suitable clips (clear Freznel clips 
recommended, Farnell 170-812). Spare 
LED positions should be filled with 
empty clips. Bolt in the three D types 
on the appropriate cable assemblies 
(the male 9 way D type fits in the 
panel), and earth the panel via a tag 
attached to one of the D type screws. 
Once completed, fit the panel into the 
case, using black M5 screws for a 
smart finish. 

Mount the QUICC-IDM board on to 
the underside of the top face of the 
case, towards the right (looking from 
the front), with the IDC and D type 
connectors facing to the back of the 
case. If using a metal mounting plate, 
earth it via a tag connected to one of 
the mounting screws. Plug all the LED 


and switch leads into the appropriate 
connectors on the board, and secure 
the cables with clips. Run the control 
cable from the display PSU to the appropriate connector on 
the QUICC-IDM board. 

Now place the case on its back and place the mounting 
struts in their approximate positions, ensuring that they are the 
right way round (the display mounting holes are orthogonal, but 
the extra holes between the mounting holes are not, so they 
must align with the holes in the struts). Place the display panels 
into position and secure loosely using M3 screws. Looking 


The contro panel end of the prototype case 


from the front, move the whole assembly to the left as far as 
possible (this ensures slightly more cool air from the right hand 
edge enters the system, though it is not critical). Drill pilot holes 
in the batten for all the mounting strut holes, and secure them 
into position using black japanned woodscrews. 

Next, remove the display panels and attach earth wires to 
all the struts, linking them together. Connect all earth wires to 
the mains earth from the IEC inlet. Now position the three 
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Figure 12: the mains inlet dish cutout dimensions 


8V/24V cable assemblies so that each AMP connector will 
mate with the back of the appropriate panel (allow some 
slack), and run the 8V cables to the display PSU output 
terminals. Run the 24V cables to the 24V output on the logic 
PSU, along with the 24V connection from the Aux. Power D 
type on the control panel. Ensure that all cables are secured 
with cable clips. 

Next, run the 5V logic supply cables to the display panels, 
using cable clips to secure them to the backs of the battens 
near to the positions of the P16 connectors on the back of 
the panels (allow some slack). Also connect a logic supply 
cable to PL3 on the QUICC-IDM board, and run the four 
cables to the 5V output on the logic PSU, along with the 5V 
connection from the Aux. Power D type. Again, secure all 
cables with clips. 

Fit the display panels to the struts, securing with M3 screws 
(and nuts, if the struts are not pre-threaded). Plug in all power 
connectors, remembering the earth tags P13 and P14 on each 
panel, and run the ribbon cable between all the panels and 
QUICC-IDM board. Check that all connections are sound and 
that no wires are dangling. The basic system assembly is now 
complete. 
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Testing and finishing 

The cased system should be tested as for 
the prototype system described in part 2. 
The only differences are regarding the 
Standby and Reset switches, which are 
now on the control panel. You should also 
leave the system running for a few hours 
at maximum loading, and check that 
nothing gets excessively hot internally. 
Unless you are using an extremely low 
airflow fan, the temperature rise at the 
outlet should be no more than 10 degrees 
C hotter than ambient. 

The control panel should be labelled 
with the legends shown in figure 14, 
using a labelling machine (a white-on- 
clear or white-on-black tape would be 
ideal), or transfer lettering. The IEC inlet 
should be labelled with something like 
“240V 50Hz 5A MAX” and the neon with 
“MAINS ON". If using transfer lettering, 

lacquering the panels is recommended 
for durability. 

As mentioned previously, the appearance of the system 
would be enhanced by attaching a suitable filter over the front, 
remembering to leave at least a 1cm gap along the top and 
bottom edges for cooling. Use spacers (ideally painted black) 
screwed into the holes between the panel mounting positions 
to allow the filter to be secured from the front. If the filter 
material is susceptible to cracking, the use of neoprene 
washers is recommended to reduce the stress placed upon it 
by the mounting screws. 
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Using the system 
You now have a smart display unit that can be used for all 
kinds of purposes, such as exhibitions, quiz shows, small 
indoor sporting events, conferences and so on. For example, | 
have found applications ranging from an advertising board at 
an exhibition stand to a scoreboard for a networked game of 
Quake! Several units are also being used as scoreboards for 
sporting events by Mikrotime Sports Systems Ltd (telephone 
01895 625 838). The display is eye catching and visually 
appealing, so it will get your message across. 

The software is fully documented in the text and example 
files supplied come with it (see details at the end of part 2 last 
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Figure 13: layout of the major components (excluding the display panels and struts), front view, with the panels, struts and battens removed. 
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month), so no further discussion is given here. If you are using 
a low performance PC, then QDSL is your best bet. To 
familiarise yourself with the language, have a look at the 
demonstration file DEMO1.DSL, which shows many useful 
techniques that you can apply to your own scripts. For power 
users, WinDSL is a more user-friendly choice, and it can output 
QDSL scripts if you want to subsequently run with QDSL. 

Note, however, that in some cases manual touching up may be 
necessary, 

A standard computer IEC mains lead should be used to 
power the system, fused at 5A max. Lower rated fuses should 
not be used, as they may eventually blow due to the power 
supply inrush currents. The serial cable can be the same one 
that you used to test the prototype system (reversed or “null 
modem" for DTE and straight through for DCE). 

If you plan to leave the system unattended, you can use the 
automatic standby feature to save power when the system is 
not needed, QDSL fully supports this and allows you to define 
a number of “start” and “stop” times, using the PC’s real time 
clock. Note, however, that the system still consumes a small 
amount of power even in this mode, so it should be turned off 
fully at the mains if it is not going to be used for extended 
periods. 

Note that you should not run the system while the front 
cover is attached, since there will be very little cooling airflow, 
and it could well overheat (you will not be able to see the 
displays, either!). Even in standby mode this is not 
recommended, since a small amount of convection cooling is 
desirable to prevent the logic PSU from running excessively 
hot. If you run the system with the back cover removed, the 
top edge of the case will get quite warm, as the panels will 
only be cooled by convection; again, this is not recommended, 
except for fault finding. 


In-circuit PIC programming 

Since the existing PIC firmware is not copy protected, you may 
wish to make modifications for your own use, or to write new 
code from scratch. To facilitate this, you can program the 
device in-situ, without having to remove power from the board, 
To do this, you connect a programming cable between PL5 
and your programmer, taking care to remove the link from PL9 
beforehand. The pinout of the cable, with the corresponding 
connection to the programmer's DIL socket (assuming an 18 
pin device} is as follows: 


The fan mounting end of the prototype case 
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Figure 14: control panel assembly and labelling 


PL5 pin 1 (+5¥) - do not connect 

PL5 pin 2 (RB6) - programmer pin 12 (clock) 
PLS pin 3 (RB7) - programmer pin 13 (data) 
PL5 pin 4 (MCLR) - programmer in 4 (Vpp) 
PL5 pin 5 (OV) - programmer pin 5 (Vss) 


You can connect both commercial programmers (such as the 

PICSTART Plus) and home-brew programmers to this header, 

providing they conform to the serial programming specification 
outlined in the Microchip data book. However, there are some 
important points to note: 


During programming, a high (12.75V) voltage is applied to pin 
4 of the header, and in turn to the reset (MCLR) pin of the PIC, 
This will cause approximately 18mA current to flow through 
diode D2, which will not cause any problem, unless the 
programmer cannot supply this much current. However, if the 
reset button is accidentally pushed during programming, 
up to 60mA could flow, which will be far more likely to 
overload the programmer, and will cause programming 
to fail. For this reason, you should not push the button while 
programming. 

You must remove the link from PL9 during 
programming, otherwise programming will fail because D5 
will drop the voltage to a lower level, and U7 could be 
damaged. To force yourself to do this, use a programming 
cable with an 8-way Molex header, Do not connect anything to 
pins 1, 2 or 3; the remaining pins are as described above, but 
offset by 3 (so pin 3 becomes pin 6). You will find that in order 
to fit the cable, any link from PLY has to be removed 
beforehand. 

The RB? port is also connected to the "Boot" LED, which 
doubles as a handy programming indicator. However, if the 
programmer cannot provide the 10mA drive current and 
maintain reliable logic thresholds, you may have to disconnect 
the LED via link PL10. 

The RB6 port is also connected to the PC's receive line, so 
during programming, garbage will be sent down the line. This 
should not be a problem unless QDSL or WinDSL is currently 
running, where they could report comms errors. For this 
reason, it is advisable to always exit these programs before 
starting programming. 

To prevent possible latch-up in the QUICC-IDM circuitry or 
the programmer itself, ensure that both devices have power 
before connecting them together. To prevent ground loap 
currents, it's also advisable to keep at least one power supply 
isolated from mains earth. 
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Some programmers (such as the PICSTART Plus} tend to 
keep the PIC in reset even after programming has stopped, so 
the programming header will have to be removed to 
recommence normal operation. 

Remember that under normal operation, RB6 and RB7 are 
outputs, and that whenever the PIC is out of reset, it is likely to 
be driving these pins. This may cause a problem for some 
programmers, as they may assume that the device is not 
driving these pins when not being programmed (as they have 
supposedly removed power from it). Under these 
circumstances, the programming header will have to be 
removed once programming is complete. 

Only use this facility for initially programming blank PICs, or 
updating the existing firmware. Do not fit devices containing 
old programs for different products, since there is a high 
possibility of /O conflicts, that could damage the PIC and 
other circuitry before you have had a chance to program the 
device. 


Interfacing external equipment to the 
system 

This section gives a brief overview of the design requirements 
for any external equipment that will be connected to the 
Expansion Bus and Aux Power connectors. A typical example 
would be a thermometer module that would return the 
temperature to the controlling PC, which could then output it 
to the displays. 

When supplying power from the Aux Power connector, 
remember that the amount of power available at 5V and 24V 
depends on the specification of the PSU, and how much is 
being consumed internally (allow 1A at 5V and 100mA at 24V for 


The flight case on which the dimensions are based 


the basic system). Attention should also be paid to the amount 
of heat dissipation from the internal supply, especially in standby 
mode where only convection cooling is available. To this end, it 
would be beneficial if any high current consuming equipment 
entered a low power state when the system is in standby, 

The Expansion Bus connector brings out the entire RS422 
display bus to the outside world, allowing the PC to 
communicate with any external equipment. A global reset 
signal is also provided, which will be asserted while the system 
is in standby, thus allowing the equipment to enter a low power 
state if desired. The display watchdog signals and flash clocks 
are also available on this connector; they can be received if 
required, but should never be driven by external equipment. 

The pinout of the 25 way D connector is numerically 
different from the IDC connectors on the same cable, due to 
the way D types are numbered. The following list shows both 
pinouts, together with the signal description. Note that with the 
exception of the flash clocks, all RS422 signal pairs have the 
positive signal on the odd numbered IDC pin, or the 
numerically lowest D type pin. 


IDC D type Description 


1,2 1,14 Watchdog 1 output from panels 

3,4 2,15 Data transmitted from PC to system 

5,6 3,16 Data received by PC from system 

7,8 4,17 Not connected anywhere 

9, 1 5,18 Not connected anywhere 

41,12 6,19 Flash clock 1 from PC 

13,14 7,20  €&xternal NMI to displays (unused) 

15,16 8,21 Flash clock 2 from PC 

17,18 9,22 Watchdog 2 output from panels 

19,20 10,23 DMAend output signal from panels (unused) 
21,22 11,24 Watchdog 3 output from panels 

23,24 12,25 Reset/standby signal from QUICC-IDM board 
25,26 13,NC Not connected anywhere 


When designing external equipment, you can continually 
receive all data from the PC via D type pins 2 and 15: this will 
include messages transmitted to the display panels and 
QUICC-IDM board, which should be ignored. The equipment 
can transmit responses to the PC via D type pins 3 and 16, 
but since this is shared with the display panel transmitters, it is 
vital that the RS422 transmitter is only enabled when the 
equipment is actually transmitting, and that the embedded 
software is designed only to transmit in response to a direct 
PC request. Likewise, the PC software should be designed so 
that the PC waits for a response before transmitting messages 
to any other devices. If two devices attempt to transmit at the 
same time, contention will occur, that could possibly damage 
the RS422 drivers due to overheating. 

Note that it is not possible for external equipment to drive 
the display panels directly, nor for it to receive responses from 
them. If it generates information to be displayed (such as the 
temperature), the PC software should read this data and 
output it to the panels in the desired format. 


Parts and software 

The Buyline details for this project are given at the end of Parts 
1 and 2 in ETl issues 10 and 11/1998, and the full parts list in 
Part 1 in issue 10/1998. Corrections from Part 1 are given in 
Part 2. This is a mains project. Please seek the 
assistance of an experienced mains constructor if you 
do not have mains construction experience. 
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he timing systems described in previous parts 

have all depended for timing lengthy periods on 

dividing down the basic 1 Hz signal. This works 

well when we divide 1 Hz by 60 to get minutes 

and by 60 again to get hours, but getting a period 
of, say, 5 minutes and 15 seconds is not so easy. To do this it 
is best to count the seconds. Decide the length of the period 
in seconds, and then set up a counter to signal when that 
number of seconds has elapsed. 

Figure 1 shows one way of doing this. The circuit is 
designed so that it is virtually the same for any period 
between 2 seconds and just over an hour. The ics stay the 
same and you just have to modify the wire connections 
according to the number of seconds required. With a rotary 
switch to change the connections, you can select timing 
periods of several different lengths. Time is taken from a 1 Hz 
clock, which may be either one of the two types previously 
described. This feeds its signal into a CMOS 4040 timer. This 
12-stage timer is chosen because it is the only one that has 
outputs for all its stages. The outputs are wired to two logic 
gates, which function as decoders. In the figure they are 


connected to decode the number 300 (the number of 
seconds in 5 minutes) in binary form. If you use the accurate 
crystal clock you can build a circuit to time 5 minutes to the 
nearest second. 

When converted into binary, decimal 300 comes out as 
100101100 (the sum of 256 + 32 + 8 + 4). The binary version 
has nine digits, so we decode the outputs of the first 9 stages 
of the counter. At the count of 300, four of these digits are 
high and five are low. The circuit detects this number because 
we connect ail the outputs that are supposed to be high to an 
8-input NAND gate (IC2) and all low outputs to an 8-input 
NOR gate (IC3). Unused inputs on each gate are wired high or 
low. When ‘300’ appears on the outputs, the NAND gate 
goes low and the NOR gate goes high. We invert the output 
of the NOR gate to give a low. The two lows are then sent to 
a 2-input NOR gate, and the output of this goes high. 

Summing up, the counter is reset to all-zero output by 
pressing SW1, The output is low for 300 seconds while it 
counts to 100101100. Then a high pulse appears at the 
output. Before going on to discuss what we can do with this 
high output, let’s see how to set up other timing periods. 


TO+9V: IC1 PINI6 IC1 PIN& 


IC2 PIN14 {C2 PIN7 
IC3 PIBI4 1C3 PIN7 
IC4 PIN14 1C4 PIN7 


Figure 1; the NAND and NOR gates are connected to decode the counter output for a period of exactly 5 mins, but most other periods 


up to 4095 seconds can be timed with this circuit 
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Figure 2: connecting an audible warning device to the decoder 
circuit of figure 1 


Other times 
The 4040 has 12 binary stages whose outputs first go high 
after the number of counts listed in the table: 


Stage 1 2 8 4 6 6 a 8 ] 10 #11 12 
Count 1 2 4 8 16 32 64 128 256 512 1024 2048 
Pin 9 7? 6 § 3 2 4 193. #12 #14 «+15 1 


To find out how to wire the circuit for any given number of 
seconds (up to 4095), we work out which of the count 
numbers are needed to add up to that number of seconds. 
Each count can be used only once. Then all the outputs 
corresponding to these count numbers (the 1s) are connected 
to IC2 and the rest (the Os) are connected to IC3. 

The easiest way is to start with the biggest count number. 
Suppose we want a count of 12 minutes, or 720 seconds. The 
largest count under 720 is 512. Subtract 512 from 720, leaving 
208 and start again. The largest count is 128, and taking this 
from 208 leaves 80. In the same way we find that the other 
counts needed are 64 and 16. Connect pins 14, 13, 4 and 3 
to IC2 and the rest to C3, Connect unused pins on IC2 and 
IC3 to +9 V and 0 V. 


Figure 4: a two-tone alarm circuit based on two ics 


Figure 3: an intermittent alarm circuit uses only 1 low-cost ic 


This table shows the counts used for some commonly used 
times: 


Time in Time in Counts needed 
minutes seconds 

5 300 256 32 8 4 

10 600 512 64 16 8 

20 1200 1024 128 32 16 

30 1800 1024 512 256 8 

60 8600 2048 1024 512 16 


In each of these examples, there are four wires going to 
|C2 and between 5 and 8 going to IC3. There are numbers 
that require more than 8 wires to one of the ICs. For 
example, 1056 (10 000 100 000) has to have nine wires to 
IC3, Numbers such as these can not be used with this circuit 
(wait a second longer by using 1057, which needs only 8 
wires to IC3). If you really must have more than eight 1s, use 
a 74LS30 13-input NAND gate for C2. Unfortunately there is 
no 13-input NOR gate. The circuit of figure 1 therefore has 
its limitations but it is usually possible to get around these, if 
they are encountered at all, and the simplicity of the circuit is 
its big advantage. 


Triggering 

The output of figure 1 goes 
high for only one second. It 
can be used to trigger the 
counter to reset and start all 
over again. It also has to 
trigger some indication that 
the timed period has ended. 
In figure 2 we use it to 
trigger a set-reset flip-flop 
built from two cross- 
connected NOR gates. The 
output of this at pin 4 is 
normally jow but goes high 
when a high pulse arrives at 
pin 9. Pressing SW2 resets it. 
The output at pin 4 can drive 
an LED or other visual 
indicator but this month we 
are going to look at audible 
indicators. Figure 2 shows 
an AWD (audible warning 
device) being switched by a 
transistor. 
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Practical timer 

The stripboard layout of the circuit 
of figure 1 and 2 is shown in 
figure 5. it requires one of the 1 
Hz timing modules to drive it. 
Connect the output of the module 
to the IN pin at J9. To simplify the 
diagram we have not shown the 
connections between the counter 
ic (C1) and the NAND gate and 
NOR gate ics (IC2 and IC3). To 
wire the circuit for a 300s period, 
join the numbered points on either 
side of |C2 and IC3, to the 
identically numbered points around 
IC1. Several of the outputs on IC1 
are left unconnected. Any 
unconnected inputs on 1C2 and 
IC3 are connected to OV either 
directly or by means of blobs of 
solder joining adjacent pins. In 
IC4, two gates are used for the 
output logic of figure 1, and two 
more are used for the flip-flop of 
figure 2. Note that the strip 
beneath IC4 is NOT cut at E34 and 
G34. 

The output from the timer 
appears at a terminal pin at F38. 
This gives the 1-second output 
pulse, which can be used to drive 
other circuits. More probably you 
will use the output of the flip-flop, 
which appears at the terminal pin 
at F42. This is an open-collector 
output. The load such as an 
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Figure 5F: the back of the stripboard layout for of figure 5 showing the cutouts audible warning device, a lamp or 
a relay is connected between F42 
There is an enormous range of AWDs to choose from, and the positive rail. This terminal can sink up to 500 mA. 
from piping piezo-bleepers, to growling solid-state buzzers If you are using a CMOS astable to produce the alarm 
and blaring 115 GB sirens. Most of them can be driven from sounds, as in figure 3 and 4, these are enabled by a logic 
the circuit in figure 2. high input. This is taken from pin 4 of IC4, through the 
If you want to tailor a bleeper to your own requirements, terminal pin at F34. Or you could connect a 1 kilohm pull-up 
figure 3 shows an adaptable oscillator unit which can be use resistor between F43 and the 9 V rail (B43) and connect the 
to provide a range of effects. The circuit can be built from terminal pin at F42 to the control input of the astable circuit. 
NOT, NAND or NOR gates but it is generally important to 
have an enable input, which means that NOT is not suitable. i | 
The oscillator works on the principle of charging and +9V 
discharging the capacitor through R11 so its frequency RI 


depends on their values: 


f =1/2x2RC 


R2 makes the waveform squarer and its value is 
approximately ten times that of R1. In figure 3 the tone is 
300 Hz, alternately sounding for 0.5s with 0.5s silences 
between. 

Figure 4 shows how to put three versions of this unit 
together to make a two-tone bleeper. By varying the values of 
resistors and capacitors you can select the two tones you COLLECTOR 
prefer and fix the rate at which they alternate. In figure 4 the 
two tones are 170 Hz and 300 Hz and they alternate at 1 Hz. | 
bi sas Vi a ceniive! IER SERGE SERIS Mie SITS VENT Figure 6: a soothing ding-dong chime circuit based on an 
logic high (in this case +9V). inexpensive ic 
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Figure 7: the stripboard layout of the circuit of figure 6. (The back is not shown separately as 
there are only a small number of cutouts on this board.) 


In a lighter mode 

Bleepers and sirens are all very well but their notes are intended 
to sound (and usually do sound) imperative. It seems to be a 
characteristic of almost all electronic warnings. The worst 
offenders in this respect are the screaming alarms in smoke 
detectors, proud to announce that they have detected some 
infinitesimally small measure of smoke in the air. Anyone would 
think the house was on fire! But actually its only that the toast is 
a bit overdone. So that no one can accuse us of the same 
failing, we finish with two audible warnings of a much less 
aggressive nature. 

Figure 6 shows a circuit for using the HT2811 ic. This 
produces a ding-dong chime-like sound, similar to a two-tone 
doorbell. In fact you can replace your existing doorbell with this 
circuit if you wish to, The HT2811 is intended to be used in low- 
voltage circuits and its maximum operating voltage is 3V. This 
makes it more difficult to incorporate it into the timing circuits, 
which all run on 9V. A potential-divider (R1 and R2) is used in 


* 
COLLECTOR 


Figure 8: melody generators are a useful source of sounds for 
timed alerts 


figure 6 to provide the 3V supply. A 
large capacitor is essential (C1) to 
keep the voltage reasonably steady 
while the ic is producing its sounds. 

Figure 7 is the stripboard layout 
of this circuit. The envelope of the 
chime sounds is controlled by R4 
and C2 and by R5 and C3. Q1 isa 
npn Darlington transistor with very 
high gain. The values of R4 and R5 
need to be set fairly accurately to 
obtain the sound effect you require. They partly depend on the 
voltage supplied to the ic and on the exact values of the 
capacitors. Since tantalum and electrolytic capacitors have a 
fairly wide tolerance it is best to establish suitable values by trial 
and error. The simplest technique is first to assemble the circuit 
except for R4 and RS. Then temporarily connect a 1 megohm 
potentiometer across each of C2 and C3. Connect the circuit to 
the output of the timer (figure 1). If the timer is not reset, its 
output stays high while you adjust the potentiometers. Find 
settings so that the ‘ding’ and the ‘dong’ are distinct from each 
other and each sound dies away gradually, rather than abruptly. 
When you have found the settings, remove the potentiometers 
(without readjusting them) measure their resistances and solder 
in fixed resistors which are as close as possible to these values. 

Another option is to use one of the melody generating ics, 
which are available very cheaply. Figure 8 is a circuit for using 
one of the HT381XX series. These operate on a rather higher 
voltage than the previous ic but 9 V is still too high. A dropper 
resistor (R1) brings the voltage down to about 4.5 V. Note that 
Q1 is a pnp transistor. There are plenty of tunes to choose from. 
The prototype circuit plays HT3812A, a traditional and sprightly 
‘Greensleeves’. For a really no-obligation alert sound, try 
HT3814K, ‘I just called to say | love you’. 
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Temperature and Humidity Logger 
For the Centronics port of the PC 


Pei An 


This PC-based temperature and humidity measuring device uses standalone LCD 
temperature and humidity modules and a choice of Turbo Pascal or VisualBasic drivers. 


he logger has two main features. Temperature and 

humidity are measured and displayed on liquid 

crystal displays. The logger can be plugged into 

the Centronics port of a PC via a printer lead. The 

PC reads temperature and humidity and records 
them onto a hard disk for future data analysis. The complete 
system is shown in figure 1. 

Each module require a 1.5V AA size battery, and the battery 
should last more than a year. The circuitry which interfaces the 
modules to the PC does not require a power supply, as it 
‘steals’ power from the Centronics port. 

| developed two software drivers for the device, a DOS- 
based one in Turbo Pascal 6 and the other based in Windows 
and written in Visual Basic 4 (VB4). The DOS program is very 
simple, and sufficient to demonstrate how PCs read data from 
the two modules. The user interface, however, is not of the 
‘user friendly’ kind that we expect now. The Windows program 
is more complicated and it gives a much nicer user interface. 
As VB4 does not provide commands to access to a hardware 
port, | have to use Turbo Pascal for Windows (TPW) to write 
dynamic link libraries (DLLs) which allow the VB4 program to 
access the port and read data from the temperature and 
humidity modules. 


The LCD thermometer modules 

The temperature module used in this project is a versatile 
digital thermometer module with an LCD display and circuitry 
on a small PCB with a 16-way solder edge connection. The 
PCB Is fixed to a small plastic bracket that houses a 1.5V 


battery. The module has an 


— 


CONNECTED TO 
CENTRONIC PORT 


COMPUTER 


LCD DISPLAYS 


PRINTER CABLE 


Centronic Temperature 
& Humidity Logger 


Temperature 


Figure 1: a PC-based temperature and humidity data-logging system 


a on-board temperature sensor. 
An external temperature probe 
can be used instead if some 
appropriate connections are 
made. The module not only 
measures and displays 
temperature, but also displays 
time. The functions are 
selected using optional 
switches. The module draws a 
15uA current from the battery, 
which gives the battery a long 
life. The main features of the 
module are summarized as 
follows: 


e §©3.5-digit LCD display with 
degreesC or with 
degreesF indicator 
displaying temperature 
values from -20 C to +70 
C with a resolution of 0.1 
degreeC 

¢ Measurement accuracy: 
+/-1 degreeC from -10C 
to 40 C and +/- 2 C for 
other ranges 
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¢ Selectable sampling rate of 
10 or 1 second 

« Alarm for highest and the 
lowest temperature settings 

¢ Serial BCD data output of 
the current temperature 
value 

* 3.5-digit display showing 
HOUR and MINUTE for 
displaying time 

* Timer accuracy of +/-0.5 
seconds per day 

* Powered by a 1.5-V AA cell 
with a life of more than a 
year and supply current of 
15uA 


The pin-out and a typical 
connection of the module are 
given in figure 2. Switches are 
used to select the operation 
modes of the module. For 
example, if pin 11 is left 


> ~o 


+8 


St Connected to a 
—e = computer input 


§ . 
$2 


B G/F Switching 
Lo 


unconnected, the module 
measures temperature. If it is 
connected to pin 16, it displays 
time. When the module 
measures temperature, pin 5 
determines the sampling rate: 
10 seconds if it is left 
unconnected, and 1 second if 
it is connected to pin 16. 

The module has two data 
outputs: the serial data output 
and the clock. This feature 


—NOSLADN @ 


LCD module 


Viewed from the 
back of the module 


Serial data out 


Low/high alarm 
Low temp alarm 


High temp alarm 
B Sampling cycle 10 sor1s 


rt MINUTE Setting 


HOUR satting 
GND 


Figure 2: LCD temperature module and application circuit 


allows the module to be 

connected to external digital circuits. The serial data outputs 
send a 13-bit code at every sample point, containing the 
current temperature value in BCD format. The clock outputs 
the synchronising clock pulses. The timing sequence of these 
two outputs is shown in figure 3. The clock is used to 
synchronise external circuits to read temperature data bits at 
the right time. When the clock is at logic high, the data bit is 
valid. When the module is connected to a computer, the 
software running inside the PC must be able to read the data 
bits (D1 to D13) at the right time and then combine these bits 
into a temperature value. Figure 3 shows that D1 indicates 
whether the temperature is below OdegreesC or above. D2 to 
D5, D6 to DY and D10 to D13 give the three digits in BCD 
format. 


The temperature and humidity modules used in the logger 


The LCD humidity module 

The LCD humidity module is of the same type as the 
temperature module. It is designed to measure the relative 
humidity (RH) of air and record the minimum and maximum 
level reached at any time since last reset. The humidity 
sensor is on board. The display normally shows the current 
humidity value continuously, but will show the stored 
minimum and maximum values via two momentary action 
push buttons, identified as MIN and MAX on the LCD. The 
display also shows DRY or WET depending on the 
humidity. DRY is approximately less than 53 percent and 
WET is more than 67 percent. Features of the modules are: 


e 2-digit LCD readout 

e Measurements from 25 percent RH to 95 percent RH 
with a resolution of 1 percent 

e Accuracy of +/- 5 percent RH between 40 to 80 
percent RH at 25 degrees C. +/- 7 percent RH for other 
ranges at 25 degreesC 

¢ Sampling rate: 1 second 

e Serial BCD data output for humidity measurement 

e Power supply: one 1.5V AA cell with a life of over a 
year; supply current: 20UA 


There are 12 connections to the module. The pin-out and a 
typical means of connecting the module are given in figure 
4. Pins 1 and 2 are connected to two switches to select 
the maximum and minimum humidity value recorded. Both 
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Figure 3: timing sequence of the serial data outputs from the temperature module 
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Figure 4: LCD humidity module and its application circuit 
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memories can be cleared by 
holding both buttons down, 

Pins 4 to 7 output the currently 
measured value of humidity in a 4- 
bit BCD format. This feature makes 
the module possible to be 
connected to external digital 
circuits. The output timing 
sequence is shown in figure 5. 
When outputting the data, each 
data line begins with two 
synchronisation pulses, followed by 
a bit indicating if the data to be 
sent is the current, minimum or 
maximum humidity reading. A 
further synchronisation pulse 
follows. Then two digits of humidity 
data are sent out. When the 
module is connected to a 
computer, the software driver 
running inside the computer must 
be able to read the 4 data bits (M1 
to M4) at the right time and 
combine these bits into a humidity 
value. Figure 5 shows that the first 
data bit shows how the keys are 
pressed. The second data bit is the 
tenth digit of the humidity value in 
the BCD format. 


Synchronization 


pulses Keypressed BDC data output 


Not used 


w SLL Ibe Sle Ly ddd LIL 
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digit digit 
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keypressed data 
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pin 2 pressed 
pin 1 pressed 
pins 1 and 2 pressed 


BCD bits 
M1 8 
M2 4 
M3 2 Figure 5: the timing sequence 
M4 { of the serial data outputs from 


the humidity module 


The works 

The circuit diagram of the temperature and humidity logger is 
shown in figure 6. The data outputs from the temperature 
module (two lines, DATA and CLOCK) and from the humidity 
module (four lines, M1, M2, M3 and M4) are input into a 
computer via the STATUS port of a Centronics port. 

The voltage level of the serial data outputs from the 
modules is 0 to 1.5V. This is not the TTL voltage level used by 
the computer, so the signals from the modules are converted 
to the TTL voltage level using sic BC337 transistors, Q1 to Q6. 

A standard Centronics port has only five digital lines on this 
STATUS port. In order to read data from the two modules, a 
data switch based on a 4503 tri-state buffer (1C1) is used. The 
DATA and CLOCK lines from the temperature module and M1 
and M2 from the humidity module are connected to DB3 and 
DB4 of the Status port of the Centronics ports in turn under 
the control of DB1 and DB2 of the DATA port. If DB1=1 and 
DB2=0, the signal from the temperature module is fed into the 
Centronics port; if 0B1=0 and DB2=1, the signal from the 
humidity module is fed into the port. M3 and M4 lines from the 
humidity module are connected to DB4 and DBS of the Status 
permanently. 

The transistor circuits and the 4503 buffer consume a small 
current. A single data line of the DATA port is enough to supply 
the amount of current required. Consequently, no external 
power supply is required. DBO of the DATA port is used for 
such a purpose. 


The Centronics port 

The pin-layout and functions of a PC Centronics port is shown 
in figure 7. The Centronics port has been described in detail in 
an article Centronics mini-Data Lab in ET] Volume 26 No.2. In 


brief, a standard Centronics port contains three I/O ports. One 
port is the DATA port, another is the CONTROL port and the 
third is the STATUS port. The first two are output ports and the 
third one is an input port. A computer uses the DATA and 
CONTROL ports to output data and the STATUS port to input 
data. In this application, the DATA port (3 lines) and STATUS 
port (4 lines) are used. 


Construction 

The component layout of the PCB is shown in figure 8. The 
two modules are connected to the PCB with wires. No 
adjustments are required. Once the components are properly 
soldered to the board and modules are connected to the PCB, 
the system will work straight away. 


The assembly of the logger 
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© |DBO, DATA PORT (PIN 2) 
© |281. DATA PORT (PIN 3} 
O JOB2, DATA PORT {PIN 4) 
© |DB3, STATUS PORT {PIN 32} 
© |DB4, STATUS PORT (PIN 13) 
© |DBS5. STATUS PORT (PIN 12) 
© |DB6. STATUS PORT {PIN 10) 


“KN OSBOAN 


O |GND [PIN 19-20) 


36-WAY FEMALE 
CENTRONICS CONNECTOR 


R3-R6 10k 


1.5V batte! 


Figure 6: the circuit of the PC-based temperature and humidity data logger | 
= 
(c) Pin functions of Centronics port connectors 
Connectors on 
Direction 
computer) printer 
1 STROBE Strobe data 
2 DBO Data bit 0 
3 DB1 Data bit 1 
25 24 23 22 21 20 19 18 17 16 15 14 ri DB2 Data bit2 
5 DB3 Data bit 3 
(a) Pin-out of the Centronics connector on PC 
computers - Viewed from the back of the PC sg 0B4 pean 
Connector type: 25-pin female D-type * DBS Data bit § 
8 DB6 Data bit 6 
9 DB7 Data bit 7 
10 ACK indicating data received 
1 BUSY Indicating printer busy 
18171615 14131211109 87654 321 de PE indicating paper empty 
13 SLCT Indicating printer on line 
| BADOOSSSRORSENOSION | : Ee alte, 
15 ERROR Indicating printer error 
36 35 34 33 32 31 30 29 28 27 26 2524 23 22 21 2019 16 INITIALIZE | initialize printer 
17 SLIN Select/deselect printer 
(b) Pin-out of the Centronics connector on printers 
- Viewed from the back of the printer 
Connector type: 36-pin female Centronics-type GND Twisted-pair return Ground 
| Unused 
Logic GND | Logie ground 
Figure 7(a): pin-out of the 25-pin Centronics port connector on Chasis GND | Chasis ground 
most PCs (b): pin-out of the 36-pin Centronics port connector = = ; 
on most printers (c): pin functions of Centronics part connectors C’= Computer ‘P’ = Printer “4 
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Figure 8: the component layout of the Temperature and Humidity 
Logger 


Figure 9 gives the cutting details of the box in which the 
modules and the PCB are housed. 


Programming 
DOS TP6 programs 


A software driver written in Turbo Pascal 6 is listed below. It 
contains several useful procedures and functions. Procedure 
Centronic_address selects a Centronics port to be used. It 
firstly detects the number of LPTs installed on your PC and 
then allows you to select an LPT port. Function 
read_status_port inputs a 4-bit data from the STATUS port of 
the Centronics port. Necessary bit manipulations are carried 
out in the function. Procedure write_data_port outputs a 
specified data to the DATA port of the Centronics port. 
Function temperature and Function humidity are two 
functions to read temperature and humidity value from the 
modules. They are able to read the serial data from the two 
modules, and extract the temperature and humidity data from 
the serial data. These functions or procedures can be 
implemented in your own TP6 programs. 


Listing 1: TP6 software driver 


Program Terperature_Humidity_Logger; 
(" Temperature and Humidity Logger 
Hardware and software developed by Dr. Pei An, 1/98 *) 


(" Connection of the Temperature Module to the Centronic 
port 

Serial data load (pin 10) connected to $1. The line is 
inverted 

Serial data output (pin 9) connected to S2. The line is 
inverted *} 


(" Connection of the Humidity Module to the Centronics port 
M1 (pin 4) connected to S1. The line is inverted 


M2 (pin 5) connected to S2. The line is inverted 
MS (pin 6) connected to S3. The line is inverted 
M4 (pin 7) connected to S4. The line is inverted *) 


uses 
Crt, dos; 


Var 
C_or_F,i:byte; 
Datax:array[1..12] of byte: 
unitx:char; 
P_address: integer; 


(* ——-Detection of LPT base addresses — —- *) 

Procedure Centronic_address; 

(* $000:$0408 holds the printer base address for LPT1 
$000:$040A holds the printer base address for LPT2 
$000:$040C holds the printer base address for LPT3 
$000:$040e holds the printer base address for LPT4 
$000:$0411 number of parallel interfaces in binary format *) 

var 
Ipt:array[1..4] of integer; 
number_of_lIpt,LPT_number,code:integer; 
kbchar:char; 

begin 

clrscr; 

LPT_number:=1; (* to set defaut printer *) 

number_of_Ipt:=mem[$0000:$041 1]; (* to read number 
of installed Centronic ports *) 

number_of_lpt:=(number_of_lpt and (128+64)) shr 6; (* 

Bit manipulation *) 

Ipt[1]:=memw{[$0000:$0408]; (* Memory read procedure 

‘) 

|pt[2]:=memw[$0000:$040A]; 

Ipt[3]:=memw[$0000:$040C}; 

Ipt[4]:=memw[$0000:$040E]; 

textbackground(blue): clrscr; 

textcolor(yellow); textbackground(red); 
window(10,22,70,24); clrscr; 

writeln(‘Number of LPT installed : ‘,number_of_lpt:2); 

writeln(‘Addresses for LPT1 to LPT 4: ‘jIpt[1]:3,’ ‘, 


lpt(2]:3,’*, Ipt[3}:3,°‘, Ipt[4]:3); 
write(‘Select LPT to be used (1,2,3,4): |); 
delay(1000); 


if number_of_lpt>1 then begin {select LPT1 through 
LPT4 if more than 1 LPT installed} 
repeat 
kbchar:=readkey; (" read input key *) 
val(kbchar, LPT_number, code); (* change character 
to value *) 
until (LPT_number>=1) and (LPT_number<=4) and 
(lpt{LPT_number]<>0); 
end; 
clrscr; 
P_address:=|pt(LPT_number]; 
writeln(‘Your selected printer interface: 
LPT’,LPT_number:1): 
write((LPT Address 
delay(1000); 
textbackground(black); window(1,1,80,25); clrser; 
end; 


: ‘,P_address:3); 


(* ——-read data from STATUS port of pc——- *) 
Function Read_status_port(P_address:integer):byte: 
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95 


MS holes (5 off) 


var 
byte1:byte; 
begin 
byte :=port[P_address+1]; (* read a byte from the status port *) 
byte1:=byte1 and 120; {(* 01111000 (MSB to LSB) and 
Odddd... = Odddddo0o *) 
Read_status_port:=byte1 shr 3; (* shift 3 bit right, 
Read_status_port = OOO0Ohhhh *) 
end; 


(* —-Write data to DATA port of pc—- *) 

Procedure Write_data_port(P_address:integer; 

port_data: byte); 

(* no lines in the Data port are not inverted *) 

begin 
port[P_address]:=port_data: 

port *) 

end; 


(" output a byte to the data 


Function Input_data:byte; 
(* All inputs from the modules to the status port are inverted 
*) 
begin 
input_data:=15 - read_status_port(P_address); 
end; 


Function Temperature:real: 
(* read temperature reading from the LCD temperature 
module “} 
begin 

write_data_port(P_address,1+2); (* power the two voltage 
translation transistors *) 


Box: MB3 (115 by 95 by 43.5) 


CENTRONICS CONNECTOR 


PCB BOARD 


Figure 9: cutting details for the specified box 


(* find the header. the header is an 1ms high pulse *) 
repeat 
repeat until read_status_port(P_address) and 1 = 1; (* find 
logic O. the line inverted *) 
repeat until read_status_port(P_address) and 1 = O; (* find 
logic 1. the line inverted *) 
delay(3); (* delay 0.8 ms *) 
C_or_F:=round(read_status_port(P_address) and 2/2): (* 
get deg C (=1) or deg F (=0) *) 
if C_or_F=1 then unitx:=’C’ else unitx:=’F’; 
until read_status_port(P_address) and 1 = 0; 


(* read BCD data. read sequence: 
80,40,20,10,8,4,2,1,08,04,02,01 *) 
for i:=1 to 12 do 
begin 
repeat until read_status_port(P_address) and 1 = 1; (* 
find logic 0 *} 
repeat until read_status_port(P_address) and 1 = 0; (* 
find logic 1 *) 
repeat until read_status_port(P_address) and 1 = 4; (* 
find logic 0 *) 
datax{i]:=1-round(read_status_port(P_address) and 2/2); (* 
read data bit. bit inverted *) 
end; 
(* generate temperature *) 
Temperature:=10*( 8"datax[1] + 4*datax[2] + 2*datax[3] + 
1*datax[4] ) + 
1*( 8*datax[5] + 4*datax[6] + 2*datax[7] + 1*datax[8] ) + 
0.1*( 8*datax[S] + 4*datax[10] + 2*datax[11] + 
1*datax[12] ); 
end; 
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Function Humidity:real; 
(* read humidity reading from the humidity module *) 
var 
keypressed_data, digit_1st, digit_2nd:byte; 
begin 
write_data_port(P_address, 1+4)}; 
(* find logic O before the header *) 
repeat until inout_data = 15; (* find logic 1 on all inputs *) 
delay{1);  (* delay 50 ms *) 
(* after delay, it.is the logic low *) 
(* skip the header, two high pulses *) 
repeat until input_data = 15; (* find logic 1 *) 
repeat until input_data = 0; (* find logic 0 *) 
repeat until input_data = 15; (* find logic 1 *) 
repeat until input_data = 0; (* find logic 0 *) 


(* read keypressed data *) 
repeat until inout_data <> 0 ; (* input the keypressed data 


Keypressed_data:=input_data; 
if keypressed_data < 15 then 
begin 
(" skip one sync. pulse *) 
repeat until inout_data = 15; (* find logic 1 *) 
repeat until input_data = 0; (* find logic O *) 
end 
else repeat until inout_data = O; 


(" read the 1st digit *) 
repeat until inout_data <> O; (* input the tenth digit *} 
digit_1st:=input_data; 


(* skip one sync. pluse *) 
repeat until input_data = 15; (* find logic 1 *) 
repeat until input_data = 0; (* find logic 0 *) 


(* read the 2nd digit *) 

repeat until input_data <> 0; (* input the 2nd digit *) 
digit_2nd:=input_data; 

if digit_2nd = 15 then digit_2nd := 0; 


(* generate humidity *) 
Humidity;=(digit_1st)*10 + (digit_2nq); 
end; 


(“****MAIN PROGRAM **"**) 

begin 
Centronic_address; (* select a Centronics interface *) 
clrscr; 


writein(’ Temperature and Humidity Logger *}; 

gotoxy(1,24); 

write(’ Press any key to stop the program’); 
repeat 


gotoxy(24, 10); write(‘Temperature 
‘ temperature:5:1,' @',unitx); 
gotoxy(24, 11); write(‘Relative Humidity 
%0'); 
until keypressed 
end. 


: ',FAumidity:5:0," 


Windows Visual Basic program 

The Window program is written in Visual Basic 4. The screen 
dump of the driver is shown in figure 10. As Visual Basic is 
not able to access to a hardware port directly, dynamic link 


libraries (DLLs) which are specialized in direct port access 
should be used. Whenever the Visual Basic is about to read 
or write data to a port, the dynamic link libraries are called. In 
the present case, the DLLs are written in Turbo Pascal for 
Windows. The program listing of the DLLs (listing 2) and 
VB3 programs (listing 3) are given below. 


Listing-2: Windows DLLs (written in TPW) 


Library thmeters; 

{Window DLL for the Mobile Lab data logger/controller} 
{Hardware and software designed by Dr. Pei An. All rights 
reserved} 


(* Temperature and Humidity Logger 
Hardware and software developed by Dr. Pei An, 1/98 *) 


(* Connection of the Temperature Module to the Centronics 
port 

Serial data load (pin 10) connected to S1. The line is 
inverted 

Serial data output {pin 9) connected to $2. The line is 
inverted *) 


(* Connection of the Humidity Module to the Centronics port 
M1 (pin 4) connected to $1. The line is inverted 
M2 (pin 5) connected to S2. The line is inverted 
M3 (pin 6) connected to S3. The line is inverted 
M4 (pin 7) connected to S4. The line is inverted *) 


uses 
Windos; 


Function Centronic(x:integer):integer; export; 

{Universal detection of printer base address. x=0 for number 

of LPTs, x=1..4 for address 

of LPT1 to LPT4} 

{ $000:$0408 holds the printer base address for LPT1 
$000:$040A holds the printer base address for LPT2 
$000:$040C holds the printer base address for LPT3 
$000:$040e holds the printer base address for LPT4 
$000:$0411 number of parallel interfaces in binary format} 

var 

number_of_LPT, LPT1, LPT2, LPT3, LPT4 :integer; 
begin 
number_of_LPT:=mem[$40:$1 1]; {read number of parallel 
ports} 
number_of_LPT:=(number_of_lpt and (128+64)) shr 6; 
lpt1:=0; Ipt2:=0; Ipt3:=0; Ipt4:=0; 
LPT1:=memw[$40:$08]; {Memory read procedure} 
LPT2:=memw{[$40:$0A]; 
LPT3:=memw{[$40:$0C]; 
LPT4:=memw($40:$0E]; 
case x of 
0: centronic:=number_of_LPT; 
1: centronic:=Iptt; 
2: centronic:=Ipt2; 
3: centronic:=|pt3; 
4: centronic:=Ipt4 
end; 
end; 


(* ——-read data from STATUS port of pc——- *) 
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Figure 10: the screen display of the logger software 


Function Read_status_port(P_address: integer): byte; 
var 
byte 1: byte; 

begin 

byte1:=port[P_address-+ 1]; 
status port *) 

bytel:=byte1 and 120; (* 01111000 (MSB to LSB) and 
Odddd... = Odddd6OO *) 

Read_status_port:=byte1 shr 3; (* shift 3 bit right, 
Read_status_port = O000hhhnh *) 
end; 


(* read a byte from the 


{* ——-Write data to DATA port of pe-- ~- *) 

Procedure Write_data_port(P_address:integer; 

port_data:byte); 

(* no lines in the Data port are not inverted *} 

begin 
port[P_address]}:=port_data; 

port *) 

end; 


(* output a byte to the data 


Function Input_data(P_address:integer):byte: 
(* All inputs from the modules to the status port are inverted 
‘) 
begin 
input_data:=15 - read_status_port(P_address): 
end; 


Function Temperature(P_address:integer):integer; export; 
{(* read temperature reading from the LCD temperature 
module *) 


var 
C_or_F:integer; 
datax:array[1..20] of byte: 
id,iinteger; 
begin 


write_data_port(P_address, 1+2): (" power the two voltage 
translation transistors *) 


(* find the header. the header is an 1ms high pulse *) 
repeat 
repeat until read_status_port(P_address) and 1 = 1; (* 
find logic 0. the line inverted *) 
repeat until read_status_port(P_address) and 1 = 0; (* 
find logic 1. the line inverted *) 
for id:=1 to 100 do id:=id; 
(* delay 0.8 ms *) 
C_or_F:=round(read_status_port(P_address) and 2/2); 
(* get deg C (=1) or deg F {=0) *) 
until read_status_port(P_address) and 1 = 0; 


(* read BCD data. read sequence: 80,40,20,10,8,4,2.1, 
08,04,02,01 *) 
for i:=1 to 12 do 
begin 
repeat until read_status_port(P_address) and 1 = 1: (* 
find logic 0 *) 
repeat until read_status_port(P_address) and 1 = 0; (* 
find logic 1 *) 
repeat until read_status_port(P_address) and 1 = 1; (* 
find logie 0 *} 
datax[i]:=1-round(read_status_port(P_address) and 
2/2); (* read data bit. bit inverted *) 
end; 
(* generate temperature *) 
Temperature:=round(10*(10*( 8*datax[1] + 4*datax[2] + 
2*datax{3] + 1*datax[4] } + 
1*( 8*datax[5] + 4*datax[6] + 2*datax[7] + 1*datax[8] ) + 
0,1*( 8*datax[9] + 4*datax[10] + 2*datax[11] + 1*datax[12 
1); 
end; 


Function Humidity(P_address:integer):integer; export; 
(*“ read humidity reading from the humidity module *} 
var 
keypressed_data, digit_1st, digit_2nd:byte; 
id,i:integer; 
begin 
write_data_port(P_address, 1+4): 


(* find logic 0 before the header *) 
repeat until inpbut_data (P_address) = 15; 
on all inputs *) 


(* find logic 1 


(* after delay, it is the logic low *) 
for id:=1 to 100 do id:=id: 
(* skip the header, two high pulses *) 
repeat until input_data (P_address) = 15; (* find logic 1 *) 
repeat until input_data (P_address)= 0; (* find logic 0 *) 
repeat until inout_data (P_address)= 15; (* find logic 1 “) 
repeat until inout_data (P_address)= 0; (* find logic 0 *) 


(" read keypressed data *) 

repeat until input_data (P_addressj<> 0 ; 
keypressed data *) 

Keypressed_data:=input_data(P_address); 

if keypressed_data < 15 then 

begin 

(* skip one sync. pulse *) 

repeat until input_data (P_address)= 15; (* find logic 1 *) 

repeat until inout_data (P_address)= 0 ; (* find logic 0 *) 


(* input the 
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end 
else repeat until input_data (P_address)= 0; 


(* read the 1st digit *) 

repeat until input_data (P_address)<> 0; 
keypressed data *) 

digit_1st:=input_data(P_address); 


(* input the 


(" skip one sync. pluse *) 
repeat until inout_data(P_address) = 15; (* find logic 1 *) 
repeat until input_data(P_address) = 0; (* find logic 0 *) 


(* read the 2nd digit *) 

repeat until input_data(P_address) <> 0: 
keypressed data *) 

digit_2nd:=input_data(P_address); 

if digit_2nd = 15 then digit_2nd := 0; 


(* input the 


(* generate humidity *) 
Humidity:=round((digit_1st)*10 + (digit_2nqd)); 


end: 

Exports 
Centronics index 1, 
Temperature index 2, 
Humidity index 3; 

begin 

end. 


Listing-3: Visual Basic 4 driver 


Private Sub Form_Load() 
Label1.Caption = “Time: “ & Time &" Date: “ & Date 
dummy = MsgBox(Str(Centronic(0) - 1) & “ Centronic ports 
(LPTS) installed on your PC. Their base addresses are: “ & 
Format$(Centronic(1), “SHHH") & “ “ & Format$(Centronic(2), 
“HHEF’) & “Decimal”, 48, “Centronic ports (LPT) on your PC”) 
lpt_number = Val(InputBox$(“Input 1,2,3,or 4 to select a 
Centronic port for the data logger", “Select LPT ports”) 
P_address = Centronic(lpt_number) 
End Sub 


Private Sub Timer1_Timer() 
Label1.Caption = “Time: “& Time &“ Date: * & Date 
Label4.Caption = Format$(temperature(P_address) / 10, 
“00.0") & "C” 
Label5.Caption = humidity(P_address) & “ %” 
End Sub 


Module1. Bas 
Global P_address As Integer 


Declare Function Centronic Lib “C:\THmeters\thmeters.dll” 
(ByVal x As Integer) As Integer 

Declare Function temperature Lib “C:\THmeters\thmeters.dll” 
(ByVal P_address As Integer) As Integer 

Declare Function humidity Lib “C:\THmeters\thmeters.dll” 
(ByVal P_address As Integer) As Integer 


Sub delay() 
Dim i As Integer 


Fori=1To1 
Next i 
End Sub 


Applications ideas 

Normally, the device is connected to a computer using a 
standard printer cable of one or two meters. If the device is 
to be operated remotely, you can use a longer cable up to 10 
meters, A screened cable is preferred. Such a connection will 
be very useful if you want to monitor temperature and 
humidity in your greenhouse, while you sit in your study, You 
can make the cable yourself, 

Another application is to build a standalone data logger for 
the device, based on a PIC or a microcontroller. The 
standalone data logger can be left in a designated place with 
the device. The logger measures temperature and humidity at 
regular intervals and stores the data in its own on-board 
memory. Subsequently the standalone data logger can be 
connected to a computer to download the data recorded. 


Technical support 
The TP6 driver and VB4 driver are available separately from 
the author for £17, and the PCB for £5, both inclusive of P&P. 
A kit is available. It consists of all components to construct 
a Centronics temperature and humidity logger. DOS and 
Windows source code and EXE file are provided on a 3.5-in 
floppy disk. Please send enquiries to Dr. Pei An, 11 
Sandpiper Drive, Stockport, Manchester SK3 8UL, UK. 
Tel/Fax/Ansmac: 0161 477 9583 email: PAN@ FS1. ENG. 
MAN. AC. UK. 


Semiconductors _ 
ic1 , 
Q1-6 


Connectors 
| JI 36-way female Centronics c 
J2 3-way PCB connector 
oe) 6-way PCB connector | 


‘Modules eos 
ature LCD module (Maplin FE33L) 
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Didn’t Get Away 


A Bite Alarm with a difference 
Bob Noyes 


his project was developed following a conversation | 
had with a fellow fisherman. We were chatting, as 
fishermen do, when suddenly he said he thought he 
had a bass playing with the bait because he could 
feel the line being tugged or butted as the fish was 
testing the bait for freshness (or whatever fish test for). Being a 
normal spring morning, ie freezing cold, the fisherman's hands 
were almost numb so trying to interpret these small line 
movements and differentiating between them and the normal 
action of the wind and tide was almost impossible. He said that he 
would give anything to know what was happening under the 
water and to know when to strike. 
This conversation got me thinking: it must be possible to build 
something to help without costing the earth. A small television 
camera was ruled out owing to the expense and practicality so a 
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Figure 1: the circuit of the Fishbiter 


more modest piece of equipment was required. As bait can be 
cast out up to 100 yards it was not practical to have anything to go 
out with it because of the weight, size and connecting cables 
required, as well as the problem of keeping it watertight to a depth 
of several tens of feet. 

The only practical solution was to monitor the line somehow, 
The normal way to do this is to keep some tension on the line and 
stare at the end of the rod. As the line is tugged the end of the rod 
bends, indicating a fish but, as every fisherman knows, it’s more 
often the wind or the movement of the water. To overcome these 
problems some sort of sensor was required that could convert all 
this information into a medium that would give a more precise 
picture of what was actually going on down in the depths. The 
obvious sense to use was sight, but short of a camera down there 
{already rejected) nothing could provide the visual information. The 
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ALL METAL OBJECTS, POT SWITCHES, SPEAKER ETC. 
TO BE EARTHED TO EARTH POINTS TO REDUCE 'PICK-UP" 


you want to ask your fish some 
questions) and fishing line is 
even more effective than string. 
A microphone could be used 
to pick up vibrations in the line, 
but it would also tend to pick 
up everything else, such as 
wind and surf noise. A 
transducer type of pick up is 
more practical as well as being 
a lot cheaper. Also, a 
conventional microphone could 


PRE-AMP OUT TO VOLUME CONTROL 


INPUT TO POWER AMP 
+V SUPPLY 


: be prone to feedback at high 

+ gain levels. 

OUTPUT SPEAKER The type of transducer 

OUTPUT HEADPHONES used in this project is the piezo 
type which comes as a very 


thin disc with two wires; one 
side of the disc is the piezo 
material, a grey rough 


Figure 2: the component fayout and connections of the Fishbiter 


next most accurate sense is hearing, which proved to be far more 
practical. As the line is being butted or tugged it sends vibrations 
along its length, which can even be picked up by the rod. if these 
vibrations could be heard, we could have something really useful. 
This, then, is the principal | adopted behind the project: hearing 
tiny vibrations carried along the line to the rod. 


How it works 

The circuit diagram and component layout for the Fishbiter are 
shown in figures 1 and 2. The basic system is similar the classic 
‘telephone’ made of two tin cans and a bit of string. If the string is 
held taut, any sound vibrations generated by the tin can at one 
end of the strong will be communicated to the tin can at the 

other. In our case, only one-way Communication is required (unless 


substance which should 

always be protected from any 
damage. The other side of the disc looks like brass and is used as 
the pick up surface. The vibrations in the line have to be 
transferred to this surface. Although the transducer could be 
mounted on the rod, great care must be taken with any trailing 
leads from the rod as they could cause an accident. Another 
problem with mounting a sensor and connecting it to the 
electronics remotely is that the lead connecting it becomes 
sensitive and can pick up sounds in its own right, or, to be more 
accurate, become microphonic. To reduce these problems it is 
easier to mount the transducer in the same box as the electronics, 
which keeps the sensitive transducer lead down to an acceptable 
length. To this end the best solution is to mount the electronics 
and transducer on a rod rest such that the sensor is in contact 
with the line when the rod is on the rest. The transducer must be 


Figure 3: the position of the acoustic detector on the bank stick 
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Figure 4: mounting the transducer. Note the 3 slit rubber sleeves fitted one inside the other 


as mechanically isolated as possible from its mounting to minimise 
ground vibrations being picked up. 

A little experimenting may be required for each individual rig, 
but a general idea is given in figure 3. 
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Mounting the transducer 
Definitely the most tricky part of this project 
is the mounting of the transducer. Several 
ways are possible, from mounting it in a 
block of foam and gluing this to the top of 
the box, to the method described below. 

Basically, the transducer is fitted 
between two metal right angled brackets, 
the exact size of which is not critical. To 
reduce the mechanical pick up from the 

box, rubber sleeves are used to insulate the 
be ea transducer from the box (see figure 4). 
ral These rubber sleeves are slit open down 
one side and put one inside the other 
(using sleeves with different diameters helps 
here). These are then held in place with 
very small amounts of glue-gun glue. The 
sleeves are glued to the disc and to the 
metal brackets such that the glue remains 
insulated, that is, no blob of glue touches 
the transducer and the brackets as this 
would reduce the anti-vibration qualities of 
the rubber sleeves. A small round piece of metal bar is used 
to transfer the vibrations in the line to the transducer as 
shown in figure 4. This can be the cut-down shaft of a 
potentiometer (metal type), about 6mm in diameter. If all 
else fails a 25mm/3mm spacer can be used. This piece of 
metal should be Supaglued to the copper side of the 
transducer, in the middle. Once this has been assembied 
(see figure 5) a plastic bottle top can be used to cover the 
transducer - this makes everything look a bit neater. A hole 
cut in the top of it allows the metal shaft to protrude about 
5mm. This hole should clear the shaft completely to allow a 
couple of mm all round (see figure 4). Shampoo bottle tops 
seem to be the best as they are normally quite large and 
can be cut down to size. 

The output of the piezo transducer is of high impedance 
so some sort of high impedance buffer-cum-pre amp is 
required. Absolute matching is not critical, as the sounds 
picked up are a series of low frequency rumbles and 
grumblings, not a high bandwidth audio signal. The level out 
of the transducer is quite high so not much pre- 
amplification is required in this buffer stage. 


METAL SHAFT 
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The amplifier 

The circuit chosen uses a CA 3130E mosfet op-amp which 
gives good stability and draws minimal current as well as 
being widely available. It is wired in a single supply mode, 
so only one set of batteries is required. The output from this 
buffer pre-amp goes to the volume control and then on to 
an LM 386 output amplifier. This little eight-pin ic amplifier 
only gives a few hundred milliwatts of output but is quite 
loud enough for headphones. Although a speaker output is 
provided from the PCB, it is not practical to mount a 
speaker in the same box with the transducer. This can 
easily cause feedback when the vibrations from the speaker 
are picked up by the transducer, amplified and picked up 
again, that is, when there is a loop gain greater than 1. An 
external loudspeaker can be used, but care should be taken 
not to annoy other people nearby. 

The LM 386 was chosen from the many types of 
amplifier available because it is small, cheap and requires 
few external components; it has bags of gain as weil as 
having a very low quiescent current. This latter is important 
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increases the gain from 20 to 
around 200. In order to further 
reduce the effective output 
power from the amplifier, the 
headphones are wired in series 
rather than parallel; this 
increases the load from 15 
ohms, two 30-ohm loads in 
parallel to 60 ohms, two 30- 
ohm loads in series, a fourfold 
saving in power. The easiest 
way to do this is to use the tip 
and ring connections of a 
standard lightweight pair of 
Walkman-type headphones. 
Great care must be take that 
the headphone lead is not ina 
position to trip you or anyone 
else up, especially if you are 
fishing off a pier or cliff. An 
extension lead for the 
headphones may be required. 
Although this project was 
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FOAM BLOCKS TO VOLUME CONTROL igi i 
Figure 5: ah ae HOLD BATTERY AND ON/OFF SWITCH uginaly paemned hilheae 
: fitting case IN POSITION fishing the same principle works 


extremely well for river fishing. 
Although the line is a lot thinner, 


(as we know only too well) as it may be used for several enough information can be gathered to seriously increase 
hours on end. your chances of catching fish. 

The power amplifier is wired in its high gain mode, that 
is, a 10uf capacitor is fitted between pins 1 and 8. This Good luck! 
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Figure 6: the offboard connections. The speaker may be omitted if you do not require it 
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ETI can supply printed circuit boards for most of our _ units you are ordering. Make cheques/POs/money 

current projects - see the list below for boards orders, in £ sterling only, payable to Nexus Special 

available. For recent boards not listed, check the Interest Limited. Please allow 28 days for delivery. 

constructional article for an alternative supplier. Acceger orders may be made on 01442 266551 
SeRecaderanservices). 


Please use this order form or a copy of it. Check 
that all relevant information is filled in, including the 
Unit Order Code, and that you have signed the form 
if sending a credit card number. Overse tomers 
please add postage appropriate to thease of 


d here are available from our 
st issues of magazines, or 
age 74 or contact Readers 


Only boards list 
PCB Service. For 6 
binders, please see 
Services fog Riorma 


Oscillator with Glitd E/498/4 £8.99 
‘ac Toe E/498/5 . £8.44 

ETI Issue 3 7998 
Medium Wave Loop E/398/1 £5.64 
AA Cell Eliminatg E/398/2 £7.32 
PIC Based ste Bass Tuner E/398/3 £5.64 
Range @apacitor Meter B08/4 £6.77 
DID Pads £5.64 

ltd 

: jain’ board E/298/1 £5.09 
lontiation Chamber: cam opto-sensor board E/298/2 5.09 
lonisation Chamber (SMD) boards E/298/1&2 .00 
PIC Development Board: see also issue 6 e Internal Power Supply E/298/5 87 


Light 


Please supply: q 
1 Quantity Project Unit Order Code Price Total price |: 


piexed LED Display 
Easy Parker 


Tiny Traffic Lights 
Q Meter 
Bath Duck 


ETLissue 7 1998 

PIC 16C74 Development Board 
Surface Mount Diagnostic Interface 
Surface Mount Logic Probe 
Mains Monitor 

Aquaprobe 


ETLissue 6 1998 
PIC Development Bo 
Signal Generator 
Headlight Delay Unit 
6-Interval Games Timer 


Prices are inclusive of post and packing in the UK. Overseas Post and 
Packing (if applicable): Add £1 per unit 


ETLissue 5 1998 : 
'598/ i 
vied inching Pies a — | Lenclose payment Of © o..sssccssecesssesssneess (cheque/PO/money order in £ 
; : ‘ : 
UHF Receiver Front End (DS) £/598/3 £5.07 Sterling only) to: | 
UHF Receiver IF stage (DS) E/598/4 £5.07 1 PCB Senice, READERS SERVICES DEPARTMENT, Nexus Special Interests Ltd, 
Fridge Thermometer E/598/5 £5.50 ' Nexus House, Azalea Drive, Swanley, Kent BR8 8HU 
AVR Controller E/598/6 £5.50 i 
ae a a WUJUCIQQUUAQOU000 
Guardian Light E/598/9 £6.22 : 
GlLissue 4 1998 | Signature: .. ee 
i 
LED Voltmeter E/498/1 £5.64 ! 
BB Ranger Control Board £/498/2 £6.22 Card expiry date: 0... eee 
BB Ranger Score Board E/498/3 £22.89 1 
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‘ \q ETI Issue 13 1997 DC Motors: The 4046 Circuit E/897/4 £5.09 

3 4-Go Rocket Launcher - main board _E/1397/1 £5.64 DC Motors: The Crystal Drive Circuit £/897/5 £5.09 
Lg 4-Go Rocket Launcher - relay board E/1397/2 £6.22 All three DC Motors boards E/897/3/4/5 £11.50 
; Mighty Midget E/1397/3 £9.54 

4 ETI Issue 7 1997 
4 ET] Issue 12 1997 Eprommer: main board (double sided) _E797/1 £13.32 
4 PC Phonecard Reader: ITT Cannon onlyE/1297/1 £6.22 Eprommer: PSU board E797/2 £5.64 
iE Minute Minder E/1297/2 £13.98 Eprommer: personality modules (double sided): £797/3 
a: Medium Wave Receiver - RF board E/1297/3 £11.76 Any ONE module board: £5.09; two modules: £7.90; three modules: 
a Medium Wave Receiver - Tuning board E/1297/4 £5.09 £11.85; four modules; £15.80: five modules: £19.75; All six modules: 
: Medium Wave Receiver - Audio board &/1297/5 £5.09 £23.70 


Medium Wave Receiver - PSU board /1297/6 £6.77 
Please specify which Eprom modules you require. Modules are for 2716, 


ETI Issue 11 1997 2732, 2764, 27128, 27256 or 27512. One order code/overseas postal 
Total Harmonic Distortion Meter E/1197/4 £13.43 charge applies whether a selection or all six personality module boards are 
Alphanumeric Morse Touchkey E/1197/2 £5.09 ordered, 

Are Your Lights On? E/797/4 £5.09 
ETI Issue 10 1997 Peak Reading VU Meter E/797/5 £5.09 
The IQ Tester E/1097/1 £5.64 
Fake Flasher E/1097/2 £5.09 Te f trade 
DC Motors (Part 2) E/1097/3 £6.77 cesta 
Valve Tester - Main Board E/1097/4 £21.22 : , : 
Valve Tester - Socket Board E/1097/5 £5.09 Terms strictly payment with order. We cannot supply credit orders, but 


will supply a proforma invoice if requested. Proforma orders will not be 


4 Vaive Taster - Heater Reguiator E/1097/6 £6.09 processed until payment is received. All boards are manufactured from 
7 _ All three Vaive Tester boards E/1097/4/5/6 £30.30 the foils that appear in the ETI Foils Pages for the appropriate issue. 
: The IQ Tester (previously E/897/2 E/1097/7 £5.64 Please check that our foils are suitable for the component packages 
a. you intend to use before ordering as we cannot supply modified boards 
» El Issue 9 1997 or replace boards that have been modified or soldered. Boards are only 
}~ Eprom Emulator E/997/1 £16.49 supplied in the listed units. Sorry, we cannot break units. Prices and 
The Power Supply E/997/2 £5.09 stock may be altered without prior notice. Prices and stock listed in this 
Electronic Door Chimes E/997/3 £5.09 issue supersede prices and stock appearing in any previous issue, ETI, 
Digital Power Supply E/997/4 £10.11 Nexus Special Interests and their representatives shall not be liable for 
a any loss or damage suffered howsoever arising out of or in connection 
*. ETI Issue 8 1997 with the supply of printed circuit boards or other goods or services by 
; The Brake Light Tester E/897/1 £5.09 ETI, Nexus Special Interests or their representatives other than to 
= DC Motors (3 experimental boards) supply goods or services offered or refund the purchaser any money 
DC Motors: The first Control Unit E/897/3 £5.09 paid in respect of goods not supplied. 
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Professional Sub-Contract Manufacturing & Suppliers to the 
Electronics Industry 


Do you have a requirement for any of the following services: 


PCB Assembly (Conventional and = Product Design/Consultation 
Chelmer Valve Surface Mount) Full Procurement Service 


Confidentia! Communications Ltd Wave & Hand Soldering PCB Test & “Burn in" Facilities 


: ; Complete Equipment Enclosure Design & Manufacture 
Crownhill Associates Ltd — ae oe Artwork Manuiagiure ; 

; A evi r ing from han ircuits D i 
Display Electronics writen shir PC Sease "Kt Procuemont & Soppy 
Electromail Cable Harness Assembly/loom Component Sales 

Manufacture Refurbishment a speciality 


EPT Educational Software Card Cage and Module Wiring Top Quality Work at Reasonable 
E QT Full Inspection Rates 


Phone Steve on (01438) 360406 or fax details of your requirements to us. 
GCL Bubble Etch Tanks on (01438) 352742 sali 


JPG EQT LTD, UNIT 5, First Floor, Caxton Point, Bessemer Drive, Stevenage HERTS SG1 2XT 
JJ Components 

[ 

oe ATTENTION ALL 

ee ane NORTH AMERICAN READERS! 
NCT Did you know that you can order an 

No One Systems annual subscription to this magazine 


No Nuts || direct from our official U.S. subscription 
Plancentre representative? 


Risc User For more information and rates contact: 
Scientific Wire Co Wise Owl Worldwide Publications 
Squires : 4314 West 238th Street, 

Stewart of Reading Torrance, CA 90505 4509 

Telnet Tel: (310) 375 6258 
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By Terry Balbirnie 


Over the next few issues of Practically Speaking we shall be 
looking at the uses of the magnetic reed switch. 

Reed switches are made up of a glass tube with two springy 
metal “fingers” (the reeds) inside. One end of each reed is 
sealed through the glass (figure 1). The inside ends overlap 
slightly and are usually maintained in a normally-open rather 
than a normally-closed state. Since the reeds are made from a 
magnetic alloy, they can be influenced by a magnetic field. Most 
will operate satisfactorily when a small magnet is brought within 
5-10mm of the case. The flat face of the magnet should directly 
approach the flat section of one of the reeds for best results. 


Getting close 

Look at the arrangement in figure 2. The magnetic field 

causes both reeds to become magnetised. Each reed therefore 
develops a north and south pole. Since both reeds are affected 
in the same way, their left and right ends will develop matching 
poles and the overlapped ends will have opposite polarity. They 
will therefore attract each other, make contact and behave like 
an ordinary switch. When the magnet is removed, the reeds 
“preak" again and the tips separate. Although this is the most 
common variety of reed switch, there are also types with 
“break” or changeover contacts. 

The glass tube of a reed switch is filled with an inert gas, 
and the inner tips of the reeds are plated with a precious metal 
such as rhodium, so that there is no chance of corrosion 
occurring and the switches are extremely reliable, Reed 
switches have a typical mechanical life (that is, when the 
contacts carry only a negligible current) of 100 million 
operations. When carrying the maximum rated current, the life 
may be shorter. The maximum allowed current is generally 
quite small, about 500mA. 

Reed switches operate more quickly than conventional 
ones. The typical “make” time is 2 milliseconds, and less for a 
“break” switch, 


Totally enclosed 
Reed switches are sometimes enclosed in a plastic casing with 
a matching one containing a small magnet. These can be used 
in a burglar alarm system to protect windows and doors, or to 
provide an entry/exit delay to prevent the owner 
setting off the alarm on entering or leaving the 
premises. The magnet section is generally 
attached to the moving part and the reed 
switch to the fixed one. When the door or 
window is closed, the two parts will be close 
enough to hold the contacts closed. When the 
door or window is opened, the magnet is 


rather than when they make. Look at the circuit shown in 
figure 3. A Darlington transistor, Q1, has its base connected to 
the reed switches in series and hence to OV. Since the loop is 
normally closed, it grounds the base and no current will flow 
into it. When one of the switches opens, the loop is broken 
and current flows via R1 into Q1 base, turns on the transistor 
and directs collector current through the sounder. A small 
standby current flows via R1 and the loop. Making the value of 
R1 high renders this current negligible, Since this current also 
becomes the base current, it is necessary to use a Darlington 
transistor (which has an extremely high current gain) to ensure 
that sufficient collector current flows to operate the sounder. 


MAGNETIC 'REEDS' 


Figure 2: the proximity of a bar magnet induces magnetism in the 
metal reeds 


DARLINGTON 
TRANSISTOR 


moved away from the reeds, the contacts open 
and the action triggers the alarm. Several reed 
switches may be connected in series to protect 
more than one door or window, as opening any 
one will break the chain and trigger the alarm. 

If you are designing an alarm of this type, 
you will need a circuit which allows the 
sounder to operate when the contacts break 


REED 7 
SWITCHES 


IN i 
SERIES | 4 


Figure 3: a basic “break” circuit for a 
security system 


A typical reed switch, normally mounted 
by soldering to insulated wire 
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pany manufacturing 
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ecause he was 

ed lifting large racks of 
ad ad only one arm. (| have one 
le at present, and I’m 
some problems lifting anything that 
requires a bit of reach.) The industrial tribunal PRODUC 
eventually ruled in favour of the company. It’s 
never any cause for celebration when a job is 
ruled out for somebody who needs one, but 
it was hardly a day of celebration for the PCB 
maker, either. His small company lost a day 
of his labour, he lost the income from work 
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regulatory problems faced by smaller which could not be done adequately in his 

businesses {including start-ups). The one that absence, and he lost his legal costs. 

most people think of - VAT - need not be All that was some time ago. Nowadays 

much of a problem for a small electronics there are more regulations, from how much 


company. A fish and chip shop may need to waste the company can leave for the refuse 
quadruple its turnover just to get back to the collectors to the multiple records that must 


profit level it had before it hit the VAT be kept for every employee. 
threshold, By contrast, an electronics Large companies bear these costs as 
company’s customers are probably VAT- well, but as a lower proportion of turnover. A 


registered, so any VAT charged is deducted really large company has compliance 
from the customer's VAT retums. The money advisers, a choice of job opportunities and 
goes round in a circle, with some admin sufficient legal services to leave little room for 


costs but no serious loss to the economy misunderstandings. Small companies don't. 
until it is charged to a consumer. If Mr Mandelson wants more startups, he 
Employment legislation, which is meant to —— could help by making the regulatory 


protect icc from unfair podiecnente environment less hostile. 
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Order your catalogue now 
on 01702 554000 
or visit and collect from one 
of our 48 stores nationwide. 
You can also purchase your 
catalogue from your local ‘ 
Maplin store, WH Smith and& 
John Menzies. 
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Order code CA18 . 
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